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100 
PURPOSEFUL 
YEARS 


The current y Forging and 
Forging Plant f s the pre-eminent po 
we hold today in this specialised field of engineeri 


The machines illustrated are examples from 

standard range which are built to the highest spe 
fications to give reliable service under tt m 

duous conditions 

By constant research and development during the 
past one hundred years ‘\ have met the require 

ments of the forg und drop forging industries 
indeed ous progressive policy has made an important 
contribution to the increased e ney and economy 
resulting from the ver-expanc use of rgings 
in many imdustries 


Massey designs include 

Steam or Compressed r Hammer Pret mat 
Power Hammers, I ? 9 Hammers, Double- 
fcting Steam or Compre i Aw Drop Hammer 
Counterbi Hammer re es, U'se er 
Trimming Pre 
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LAMBERTON 


INCH HORIZONTAL 
FORGING MACHINE 


One of a 

range of rugged 
fast working 
machines. 

Made in sizes 

from 2” to 10". 
Automatic Feeding 


Devices are available. 


EUMUCO (ENGLAND) LTD 


26 FITZROY SQUARE - LONDON W1 : TELEPHONE: EUSTON 4651 


Smee's £.7 
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SERIES 2000 (illustrated opposite) 
Single-point Potentiometer Recording Controllers 











6 calibrated scale * Standard ranges: ImV-1l00mV span 

Pen speed: |, 2 or 4 secs. across chart * Chart life: | month at 
| inch per hour. 

Available with (|) Twe position on/off contre! (1\) Anticipatory contret 
(1+) Prepertioning (etectrical) comtret (iv) Three position contre! 

(+) Prugramme contre! (vi) Prepertioning (motorised) contre! 


| -« SERIES 2060 


BMwtt! «sianat Batsatinmatase Gasnedaus 











One of a 
range of rugged 
fast working 
machines 
Made in sizes 
from 2" to 10° 
Automatic Feeding 


Devices are available. 


EUMUCO (ENGLAND) LTD 





26 FITZROY SQUARE - LONDON W1 : TELEPHONE: EUSTON 4651 


Smee s £.7 
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-for indicating, recording and | 
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POTENTIOMETERS 


PATENTS APPLIED FOR 





SERIES 2000 (illustrated opposite) 
Single-point Potentiometer Recording Controllers 











6" calibrated scale * Standard ranges: 2mV-l00mV span 

Pen speed: |, 2 or 4 secs. across chart * Chart life: | month at 
| inch per hour. 

Available with (i) Two-position on/off control (ii) Anticipatory control 


(iii) Proportioning (electrical) control (iv) Three-position control 
(v) Programme control (vi) Proportioning (motorised) control 





SERIES 2050 
Multi-point Potentiometer Recorders 











6" calibrated scale * Balancing motor totally de-energised 
throughout printing and indexing cycles * 

Standard ranges: 5mV-i00mV span * 

Pen speed: 2 secs. across chart * Printing speed: 6 secs. per point 


Available with (i) Two-point record (ii) Three-point record 
(iii) Six-point record. 








SERIES 2500 
Single-point Potentiometer Indicating Controllers 











18” calibrated scale * Standard ranges: 5m V-!00mV span 
% Response speed: 2 secs. across chart * Bold easy-tc-read 
scale and pointer. 


Available with (i) Two-position on/off control (ii) Anticipatory cert. ol 





(iii) Proportioning (electrical) control (iv) Three-position contro! 
(v) Programme control (vi) Proportioning (motorised) control 





— 


Ilustrated leaflets of all ‘Xactrol’ Potentiometers from: ETHER LTD. 
TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 :: East 0276-8 
CAXTON WAY, STEVENAGE, HERTS :: Stevenage 2110-7 
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ALLOY STEELMAKERS FORGEMASTERS STEEL FOUNDERS HEAVY ENGINEERS 


THOS. FIRTH & JOHN BROWN LIMITED SHEFFIELD ENGLAND 
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During the past eighteen months 54 Morgan Basin 
Tilters have been installed in modern foundries for 
fast and economical bulk melting of a wide range of 
} “om quality aluminium or copper based alloys. 
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MORGAN 


BASIN 
€ TILTERS 


sk The new BT-1300 takes only 
SO minutes to melt all this 
Aluminium Alloy 


For top quality castings and lowest melting loss, invest 
in the most flexible of all bulk melters. Ask for a 
demonstration, with your own metal if preferred, at 
the Battersea Test Foundry. 


MORGANITE CRUCIBLE LIMITED, NORTON WORKS, WOODBURY LANE, WORCESTER. Tel: Worcester 26691 Telex: 35191 


A Member of The Morgan Crucible Group. 


FS4A 


Al 
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No. 2 machine with guards removed 





The stock is placed between the rolls and is then fed 
through the dies to the workstop. The die then closes, 
cutting off the stock to the required length, and delivers 
it to the heading position. The heading 
tool then completes the forging, which 
falls down the chute and is taken away 
by conveyor. 

The Automatic Forger can be supplied 
in several sizes and for making balls 
of up to and including 4-in. 
diameter. 


No. 3 machine illustrated 


These machines are made in three sizes. The smallest 
handles bars up to 2-in. diameter. The largest size, 
as illustrated, takes bars up to 4-in. diameter. They are 


peas 
rie tI ANY 
an invaluable asset to any forging or drop stamping plant. THO \ M 


We also make nine sizes of Standard 
Upsetting Machines to take 


gy oy DOvEnTRY 
: MACHINE TOOL WORKS LTD 


GRANTHAM RD. HALIFAX ENGLAND 










x 


OVERSEAS AGENTS:—AUSTRALIA: Gilbert Lodge & Co., Lid., 386 Harris Street, Ultimo, Sydney, N.S.W. CANADA: Williams & Wilson 
Ltd., 544 Inspector Street, Montreal. FRANCE: Societe Anonyme: Alfred Herbert, | and 3 Rue du Delta, Paris (9e). HOLLAND: Esmeijer 
& Co., Oosterkade 24, Rotterdam, ¢ INDIA: Alfred Herbert (India) Ltd., 13/3 Strand Road, P.O.B. 681, Calcutta, 1 NEW ZEALAND 


Gilbert Lodge & Co., Ltd.. Head Office: 55 Station Road, P.O.B. 12-063, Penrose, Auckland, S.E.6, N.Z., also at Christchurch 
and Wellington PAKISTAN: Guest. Keen & Nettlefolds in Pakistan Litd., P.O.B. 819, Bank of India Buildings (3rd Floor), Bunder Road, 
Karachi. SOUTH AFRICA AND RHODESIA: Hubert Davies & Co., Ltd.. Hudaco House,7 Rissik Street, Johannesburg. SPAIN: Gumuzio 
S.A., Gran Via 48, Apartado 920, Bilbao. KENYA, UGANDA, TANGANYIKA & ZANZIBAR -: Len Cooper Ltd... P.O.B. 3796, Nairobi, Kenya 
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The new and exciting 
Jaguar Model E 


combines the superb 
performance of a racing car 
with the comfort and 


reliability of a family saloon 





HOMOCARB ELECTRIC 
GAS CARBUIRISING 


E are indebted to the Jaguar Company for the above photographs of the 

new Model E and part of their Homocarb furnace installation. Homo- 
carb with its twin advantages of forced circulation and exact temperature/time 
control has won world-wide recognition as will be seen from the following 
list of some important users. 


Rolls-Royce, Austin, British Timken, B.S.A., Caterpillar Tractor, Humber, International 
Harvester, Singer, Sperry Gyroscope, Vauxhall, Morris, Jaguar, Villiers, Hoffman, 
Leyland, Rotol, Vandervell, etc. etc. are among hundreds of users of Homocarb 


Send now for descriptive literature or a Technical Representative will visit you at your convenience 


LEEDS & NORTHRUP LTD. 


183 BROAD STREET, ip BIRMINGHAM, 15 
Telephone: MIDLAND 3031/6 "Grams: FLOMETER, BIRMINGHAM 
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British made in Birmingham 
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THE BURNING QUESTION No. 1 
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\\s 
“WHATS COOKING 
IN THIS OVEN ? 


A special type of carbon steel. 

SHOULD BE NICELY BAKED WHEN IT COMES OUT! 

‘Case hardened’ is the term. 

REMINDS ME OF SOMEONE | KNOW! 

Which, as | was about to say, means that its exterior is 

being hardened for various engineering operations. 

This Brayshaw oven furnace wil! heat to a temperature of 1200 C. 
THAT REMINDS ME—HOW DO YOU WANT YOUR STEAK? 
MEDIUM RARE OR CASE HARDENED? 


WHATEVER YOUR BURNING QUESTION 


GENERAL HEAT TREATMENT, PROCESS HEATING, 
TESTING, FORGING, METAL MELTING, GALVANISING, 
TINNING. You name it, Brayshaw will supply the 
complete answer. Write today for full details of the entire 
range of BRAYSHAW furnaces, Gas, Oil or Electric—for 
ALL industrial heat treatments 





S44 e ‘HYNOR' OVEN FURNACE 
Gee | 
ee 
— used for hardening of carbon steels, normalising, annealing 
pre-heating, case-hardening and generai heat treatment 


Brays yshaw i burns to serve your industry 


BRAYSHAW FURNACES LTD., BELLE VUE WORKS, MANCHESTER 12. Tel: EAST 1046 (3 lines) 
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AUTOMATIC UPSETTING! 


Let National Tong-Feed Forging Machines } | 
Produce Your Forgings at Lower Cost ' 


Hot Forging is going automatic! 
Well, not all of it, but many forward- 
looking forge plants are taking a fresh look. 
For example, all of the upset-type forg- 
ings above were made on National Auto- 
matic Tong-Feed Forging Machines. 
Seven sizes are now — and presently 
operating in production: owt wy of 
4”, 6” and 74%”. 





The method offers extremely interesting 
opportunities of raising produc ction while 
reducing labor and operating costs. May 
we help you investigate? 
Let’s start by looking over your jobs, in 
your plant, in Tiffin or in Niirnberg. 
We can have a productive session de- 
voted entirely to your plans, but with- 
out obligation. National 4” Automatic Tong-Feed Forg- 
ing Machine with discharge conveyor. 


FFIN. OHIO. U.S 


N/stiowa Macunery(O 
ad G K A ys ER 
UNITED KINGDOM OFFICE : 


429 BIRMINGHAM ROAD 
SUTTON COLDFIELD, WARWICKSHIRE, ENGLAND. Telephone ERDINGTON 4192 
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Photograph by kind permission of the Austin Motor Co. Ltd. 


FURNACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher 
Type - Rotary Hearth Type - Conveyorised Bar End Heating, with GGC scale-free heating 
system or fired by gas or oil. The photograph above illustrates a small Thermic Magazine 
Feed Pusher furnace fired by CC Burners. Output: 7-cwts. of small billets per hour. 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidiery Company of Gibbons Bros. Limited, Dudley) 
SALMON STREET, PRESTON TELEPHONE : PRESTON 56254/5 ° TELEGRAMS : THERMIC-PRESTON 
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HASENCLEVER foncinc encsees 





A unique feature of these presses 
enables cycle, blow and programme to be preset 
accurately. Push button operated models 

from 150 to 3,000 tons are available for hot 

or cold forging or coining. 


Re PAUL GRANBY & CO. LTD. <6) 


| |] 39 VICTORIA STREET-WESTMINSTER-LONDON:S WI 


Telephone: ABBEY $338 Telegrams: POWAFORGE, SOWEST, LONDON Cables: POWAFORGE. LONDON 
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Copies Left- and Right-hand 
die halves simultaneously 


SWISS 





AUTOMATIC HYDROCOPYING DIE SINKER 
MODEL KAB 250 


Fully automatic — roughing and finishing — this exceedingly 


robust bed-type machine copies 3-dimensional dies, without supervision, from 
wooden or plaster models. Both left- and right-hand halves of the die can 

be copied at the same time from the same master. 360° profiling can be performed 
at constant feed, without rotating circular tables, and on 

vertical contours. Servo hand control permits speedy roughing. The machine 

has two spindles; single- and 4-spindle machines are available also. 


Table size 130” « 25%". Spindle speeds (18) 42 to 2000 r.p.m. 
Copying feeds, steplessly variable -4" to 15-75". Pick feeds -006”" to -2”. 


Send for our Special Exhibition brochure 


SOLE U.K. DISTRIBUTORS: 








DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel’ WESTERN 8077 (8 lines) Telex: 23182 Grams: ACCURATOOL LONDON TELEX 
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Whether the products be pressings, 
tubes or wire—ferrous or non-ferrous— 
Metalectric continuous bright annealing 
furnaces bring a new and easier 
approach to manufacture. 


Metalectric bright annealing furnaces have all 

the latest features, designed for reliable operation 
accurate temperature control, removable sections 
for easy inspection and maintenance, exceptional 
fuel economy. All these are backed by the facility 
for using the best form of atmosphere for the 
product. Town gas, propane and butane, 
kerosene or ammonia may be used as the fuel 
source for the atmosphere. 


Top left: A conventional exothermic plant, with 
primary and reactivated secondary drying units and 
equipment for removal of sulphur compounds. 


Top right: A fully automatic plant for producing 
commercially pure nitrogen with extremely 
low dewpoint. 


Send for leaflet M.6A. 


METALECTRIC FURNACES LTD. 


SMETHWICK - ENGLAND 
For all forms of electric heat treatment equipment 
12/388/6! 
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BETTER RESISTANCE 
FURNACES THAN 








RESISTANCE 
FURNACES 


6.W.B. FURNACES LIMITED (FURNACE DIVISION), DUDLEY, WORCESTERSHIRE. TEL: DUDLEY 55455 


ASSOCIATED WITH GIBBONS BROS. LIMITED AND WILD-BARFIELD ELECTRIC FURNACES LIMITED 
we/ 286 
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Very high refractoriness 
Complete volume stability 
Resistance to Thermal shock 
Very high strength 

Excellent load bearing properties 
High abrasion resistance 

Slag resistance 


Accuracy of shape 





The new *MULLFRAX bricks and shapes by CARBORUNDUM achieve their outstanding properties 
by the use of a fused mullite grog as the basic raw material — it is completely stable and of 
measurable crystal size. There is no reliance upon the formation of mullite within the brick 
during firing 

Let us send you full details of MULLFRAX refractories. 


* Regd. Trade Mark 





THE CARBORUNDUM COMPANY LTD 
MILL LANE RAINFORD ST. HELENS 
LANCASHIRE 


REFRACTORIES 
DIVISION 


RAINFORD 57 
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Two “Allicase’’ Furnaces at the works of a 
leading motor manufacturer, used for carburiz- 
ing and carbonitriding steering and other 
parts, requiring various case compositions and 
depths. Thehearth area of each furnace is 
3’ 0” x 2’ 0” with i’ 6” permissible depth of 
charge, and is designed to accommodate gross 
charge weights varying from 900 Ib. at 750°C. 
to 500 Ib. at 950°C. 


The “Alicase” Furnaces illustrated form part of a battery of fully-automatic sequence and programme controlled 
Furnaces used for Gas Carburising, Carbonitriding, and Reheating of various automobile components. 
PROCESSES: With an operating temperature range of 1,400 to |,750°F. the following controlled atmosphere processes 
can be carried out. 

1—Gas Carburizing. 2—Hot Oil Marquenching. 3—Clean Hardening. 4—Dry Cyaniding or Carbonitriding. 5—Carbon 
Restoration. 6—Homogeneous Carburizing. 7—Clean Annealing. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION, TOLEDO. USA 
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Atmospheres are 
best controlled with 
BOTTOGAS Butane an ~ 





Photograph by courtesy of Enfield Rolling Milla Lid. 


BOTTOGAS © 


BUTANE , o—_— 
PRECISION FUEL | | for industrial furnaces 
=— = 


+ + 
i. 

\ 
\ 


' | 
BOTTOGAS butane and PROPAGAS l BOTTOGAS butane and PROPAGAS propane 
propane with their low sulphur , are the Precision Fuels for the glass industry 
content are the perfect mediums for _| | air heaters, radiant heaters, bitumen and mas 


oan tic heating, floodlights, blow torches, fork lift 
special furnace atmospheres. They a ——— = ? 

trucks, agriculture 
are widely used for gas carburising, 


BOTTOGAS butane and PROPAGAS propane 





carbonitriding and bright annealing. 
ok = come from the British Re fineries of the Shell an 
ee B.P, Groups. They are backed by a nationu 


fi distribution service ind technical resources 


second to none. 


Gases Shell-Mex and B.P. Gases Limited 


(Reg'd users of Trade Marks 


Ceci! Chambers, 76-866 Strand, London WC2 Phone: TEMple Bar 1234 
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“Qnly 2,000 ops and done for. 
You must be cracked... 


(It’s all that oi/ and sawdust yy 






“4,000 ops and still 
going strong — 


(It's all that lubrication with a 
FOLIAC Colloidal Graphite Dispersion )9* 


Foliac Colloidal Graphite supersedes the traditional 
methods of die lubrication, It not only eliminates 
metal-to-metal contact, but protects the surfaces of the 

dies from corrosion, cracking and burning. It provides 

a tough, self-lubricating film over the entire die surface 
that reduces friction and improves metal flow. The 

result is a consistently well finished product from a die that 
lasts twice as long—or longer. Why not ask 

our representative to call to discuss specific problems, 


and advise on applications 


F O L I A C COLLOIDAL GRAPHITE DISPERSIONS 





b ©" GRAPHITE PRODUCTS LIMITED 


A Member of The Morgan Crucibie Group 


POINT PLEASANT - WANOSWORTH ~- LONDON - S.W.18 TELEPHONE: VANdyke 6422 
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Are you 
concerned with 
annealing scale 

rust removal 
or corrosion 


prevention? 


21 
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If you are involved in all or any of these 
processes then it may well be worth your 
while to get in touch with E. & A. West Ltd. 

In all probability they may be able to 

solve some of your problems in these fields or 
suggest more economical or efficient methods. 
Their Technical Advisory Service is at the 
disposal of Industry and will be glad to get to 
grips with your particular problem 

The answer may even be in their impressive 
library of ‘‘case histories”. 

Please do not hesitate to call them in. 

This service is freely given and non-obligatory. 





18/8 Stainiess Stee! sur- 
face after two hours in 
Ferric Sulphate Hydro- 
fluoric Acid bath. Over 
pickling has had no effect 
on the metal surface. 


18/8 Stainless Stee! sur - 
face after two hours in 
Nitric Hydrofluoric Acid 


bath. Over pickling has 
resulted in etched crystal- 
line surface. 


For technical advice or product 
data you afe invited to write to:- 


E. & A. WEST Limited, 


Parcel Terrace, 


DERBY. 
Telephone: Derby 45008. 


le Bs 


CHEMICALS FOR INDUSTRY 





Patches of red scale left 
on brass after pickling in 
7% Sulphuric Acid. 


Bright.even surface on the 
same brass after pickling 
in 5 Sulphuric Acid with 
added Ferric Sulphate. 


Ferric Sulphate. As a pickling agent results 
in rapid, clean and fume-free method of 
descaling stainless steel, copper, brass and 
nickel silver and an improved method of 
etching mild steel surfaces prior to coating. 
Non-fuming, non-toxic, safely handled 
Westolite Rust Remover. This is supplied 
in two forms: liquid and thixotropic. The 
former is recommended for dipping batches 
of ferrous metal goods. It is a particularly 
efficient phosphating material which combines 
effectively with the surface metal to 

produce a protective non-rusting layer. 
Thixotropic Westolite has been developed 

for use on industrial plant, structural 
steelwork, and in situations where immersion 
is preciuded. In the form of a gel, 

Thixotropic Westolite becomes temporarily 
free-flowing when applied with a brush but 
after application resumes its paste-like 
consistency. Advantages include, adherence to 
vertical surfaces, no drips and no wastage. 
Also manufactured is a range of Industrial 
chemicals including Dipping Acid, Nitric Acid 
and Hydrofluoric Acid. 
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* GOING eco 
GOING... 
and nearly GONE! 


Only a few copies now remain 


in stock of the 1960/61 edition of 


cPYWLANDS 


Directory of the Iron. Steel. 


22 september, 1961 





Metal, Engineering & Hardware 
Trades and in a few weeks it 


will be unobtainable at any price 


... but for the moment a copy can be sent you 
by return of post on application to... 


The Publishers. r-——~Price-——4 
! | 

Ryland’s Directory. | y | 
7 | BA/= | 

17/19 John Adam St., 
London, W.C.2 reer ere a 


L 


r 
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Choose your 
Refractory Cements 
as carefully 


as you choose 





your bricks 











—they both have the 


same job to do 


The composition of all Gibbons 
Refractory Cements has been 
evolved by careful investigation 


both in the Laboratory and in 


JOINTING 


»275 MIX 


Works trials. Their preparation 

inder careful control and 
supervision, and their quality ts 
frequently checked both in our 
own and independent laboratories 









ivauals 


REFRACTORY CEMENTS 


Refractory and Insulating Refractory Concretes - Firebrick and Insulating Firebrick Aggregates 
Gibbons (Dudley) Ltd., Dibdaie Works, Dudley, Worcs. 











The preference of so 

many of the busiest producers 

in the forging industry for 
Wilkins & Mitchell Forging Presses, 
especially in their most recent 
installations, is based on their need 
for higher productivity. Experienced 
users have learned to rely on the 


progressive design, dependability 
and built-in reserves of Wilkins 
and Mitchell Presses. 


DARLASTON Ss. STAFFS ENGLAND 


















FORGING PROGRESS 





WILKINS & MITCHELL 


The Presses that cut costs 


A scene in a typical 

modern forge with 

a battery of WILKINS 

& MITCHELL Forging Presses 
arranged for high speed 


accurate production. 


and related efficiency 


FORGING PRESSES 
STRIPPING PRESSES 
ROLLS 

BILLET SHEARS 

of advanced design 
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Whatever your production demands Birlefco can provide 
the most suitable melting equipment, be it a few hundred- 
weights of special tool steel or bulk steel production for 
agricultural machinery and earth moving equipment. If 
there’s metal to be melted, Birlefco present a unique 
combination of design, experience and manufacturing 
val 


skill, always abreast of new trends and new techniques 


BIRLEC-EFCO (MELTING) LTD 


Specialists in all types of melting equipmer irc Furnaces 


Westgate: ALDRIDGE: Staffs from | to 130 tons capacity; Mains Frequency and High 


Frequency Melting Plant from 10 Ib 20 tons capacity; 
Tele; . 4 Induction Heating Equipment 


Sm BE.6505 





September, 1961 


Vol. 28, No. 192 


Editor DONALD GRIMMER 
Production Manager R. ]. LOVELL 
Publisher H. J. DWYER 

Area Managers 
(Southern D. C. RYALL 
Midlands) &. J. SWEETING 
(Northern) A. D. H. CURRIE 


(Scottish T. H. SMITH 


Official organ of the 

NATIONAL ASSOCIATION 
OF DROP FORGERS 

AND STAMPERS 

President $%. JOHNSON 

irector A. L. STUART TODD, C.B.E., J.P. 
rove Hill House, 245 Grove Lane 
Handsworth, Birmingham 20 
Telephone Northern 3311-3 


Published on the 15th of each month by 


v INDUSTRIAL 
onl . - Ay NEWSPAPERS 
SLICATION (FUEL AND 





METALLURGICAL) LIMITED 
John Adam House 

17-19 John Adam Street 
Adelphi, London, W.C.2 
Telephone TrRAfalgar 6171 (10 lines 
Telegrams Zacatecas, Rand, London 
Subscription Terms Home and 
Overseas 30s. per annum prepayable 
Single copies 2s. 6d. (3s. post free) 


} 


346 


367 


Metal 
treatment 


and Drop Forging 


CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


Research in the steel industry 


Scale adherence on steels A critical review of recent work 
R. ROLLS, M.SC., A.1.M., A.M.INST.F. 

Previous work is reviewed and it is concluded that the use of higher 
reheating temperatures to produce a thick scale rapidly and the main- 
tenance of an optimum oxidation potential during reheating contributes 
to the formation of non-adherent scales. For a 0-3", C steel, reheated 
in a combusted producer-gas atmosphere with approximately 35-45 
excess air, soaking at 1,250 C. for 4h. gave rise to a non-adherent scalk 


Mechanical working by the vibration method M. YA 
KARNOV AND A. A. VORONIN 


Although vibrations are usually undesirable in machine operation, 
some vibrations have been shown to benefit certain forging operations 


Protective coatings for heat treatment 


Fuel efficiency in steel heat-treatment practice G. A. 
BLACKWELL, M.INST.F., M.INST.GAS E. 

General principles involved in achieving efficient fuel utilization in 
steel heat-treatment practice are explained 


Precipitation in low-carbon steel under cyclic loading 
DOC. ING. MIRKO KLESNIL, C.SC., AND DOC, DR. ING. PREMYSI 
RYS, DR. SC. 


An investigation of the mechanical constants and the changes in the 
structure of the solid solution of carbon in alpha iron in the equilibrium 
and supersaturated states with two types of low-carbon steel 


Stress-relieving at Hunterston Use of radiant heat on 


reactor pressure vessel 
Elevated belt-type furnaces for cable works 
Books 384 People 


News 386 Instrumentation 
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Get the name right 


nh 


for controlled 


Sata 


gas carburising. . . 























Minimum carburising time, fastest production rates and full 
quality control—these are the advantages of the Wild-Barfield Generated 
Gas and ‘Carbodrip’ methods. The benefit of many years’ 


research is at your disposal when you write to us for advice on how 











gas carburising can give you a better product more efficiently. 








WILD-BARFIELD ELECTRIC FURNACES LIMITED 
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Research in the steel industry 


AST year saw a greatly increased expansion and modernization of the British steel 

industry. Capital expenditure for the year was at the record level of £145 million, 

as against £95 million for 1959, and is expected to rise to about £200 million this 
year. It is obvious that these vast increases would not be undertaken unless they were 
seen to be vital to the competitive position of the industry in world markets, and it is 
encouraging to see that the steelmakers are alive to the necessity for development. What 
is Not quite so encouraging, however, is still to find insufficient recognition that tomorrow’s 
development depends on today’s research. As an example of the results of failure in 
the past to give due recognition to this dependence, we may take the present balance of 
steelmaking processes in this country, and the trends envisaged for the immediate future. 


According to the British Iron and Steel Federation’s publication, ‘ Steel in the 1960's’. . . 
* Production from the open-hearth furnaces will still predominate and the tonnage will 
increase; and this is very much bound up with the intensive application of oxygen to 
open-hearth furnaces. The open-hearth proportion, however, is expected to decline from 
84°, in 1960 to 68°, in 1965 on the basis of capacity available, but in terms of output 
might be still less. It might be thought that when a works requires substantial new 
additional steelmaking capacity this is likely to take the form of one of the new pneumatic 
processes or of electric-arc furnaces. It is unwise to be dogmatic, however, because oxygen 
use is still in the process of rapid development and the use, e.g. of a combined oxygen fuel 
lance, might improve still further the competitive position of the open-hearth process, 
with its valuable flexibility in the proportions of hot metal and scrap used.’ 


The underlying uncertainty of this cautious approach is a good example of the inevitable 
results of insufficient development work on the newer steelmaking methods. Had pilot 
plant trials of the new Continental processes been seriously undertaken in this country 
from the start, we would now have valuable knowledge and experience to call upon when 
planning for future development. It is significant that the BISF article gives no indication 
of the comparative costs or qualities of steels produced by the different processes. 


Research in the iron and steel industry is largely in the hands of the industry itself. 
In addition to supporting the work of the British Iron and Steel Research Association and 
other research associations connected less directly with the industry to the extent of 
about {1 million a year, various steel companies have their own research departments, 
bringing the total research expenditure to something over £5 million a year. Direct 
Government grants to the relevant research associations amounted in 1960 to less than 
£200,000—a not very princely sum, but one which compares not unfavourably with 
those of other major industries. 


How large a proportion of net output do major industries consider it reasonable and 
necessary to spend in research? Different industries would have different answers. 
Accerding to 1960 psiR report, in 1958, the proportion for electrical engineering was 10°, ; 
chemicals, 6°,,; iron and steel, less than 1°. These figures are not put forward as a 
criticism of the iron and steel industry. Obviously conditions will not be the same in 
different industries, although only figures relating to comparable-sized industries are 
given. The figures do suggest, however, that there may well be a case for seeing whether 
any important aspect of iron and steel research is handicapped for lack of funds. The 
industry is in an expansive mood. It should be a good moment for the claims of research 
to be considered afresh. A sum, only a fraction of that contemplated for development, 
spent on research now might prove an equally worthwhile investment. 


BI 
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Scale adherence on steels 


A critical review of recent work 





R. ROLLS,* M.Sc., A.1.M., A.M. Inst.F. 


Adherent scales on steels are considered to be a great disadvantage to the maintenance 
of surface quality during hot-working processes; they lead to excessive tool wear, 
high machiming costs and economically unattractive descaling or pickling operations. 
Previous work on this problem is reviewed, and it is concluded that the use of higher 
reheating temperatures to produce a thick scale rapidly, thereby minimizing the 
concentration of residuals at the metal scale interface, and the maintenance of an 
optimum oxidation potential during reheating, contributes to the formation of non- 
adherent scales. For a 0-3°,, C steel, reheated in a combusted producer-gas 
atmosphere (containing 0: 1-0-15°,, SO,) with approximately 35-45", excess air, 


soaking at 1,250°C. for 4 h. gave rise to a non-adherent scale 


ADHERENT SCALE forming on steel during reheating surface regions. In atmospheres containing free 





for hot-working has long been a practical problem 
concerning fuel technologists and metallurgists 
alike. The disadvantages of attempting to work 
steel with a clinging scale are only too familiar in 
the form of poor surface quality products, excessive 
tool and die wear and high machining costs; 
lengthy descaling or pickling operations may be 
economically unattractive. It is generally accepted 
that the nature of a reheating furnace atmosphere 
can largely govern the manner of scaling of a steel 
But opinions differ as to what factors can be readily 
controlled to provide minimum metal loss, for a 
specified reheating schedule, with a conveniently 
detachable scale prior to hot-working. 


Previous work 

Since the fundamental work of Cobb, ':’, 
Murphy,’ * Preece®~* and their colleagues, which 
clearly showed the significance of free oxygen and 
sulphurous gases in promoting adherent scales, 
others” ' have examined the mechanism of sulphur 
penetration through a scaled steel surface and 
established the existence of mixed zones of oxide 
sulphide complexes (fig. 1) and high residual con- 
centrations of copper, tin and nickel in the sub- 


* The author, formerly with Rotherham College of 


Technology, has recently joined the staff of the Depart 
ment of Chemical Engineering, Fuel Technology and 
Metallurgy, the Manchester College of Science and 
Technology 


oxygen, scaling may occur rapidly and the rate of 
removal of iron is often greater than the rate of diffu- 
sion and concentration of residuals. The resultant 
interfacial enrichment is then insufficient to promote 


1 FeO FeS eutectic at the metal scale interface of a 0-05 
in a mixture of FeO 
500 


C steel scaled for 1 h. at 
and FeS Unetched 


1,150°¢ 
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steel reheated for 
in an oxidizing furnace 
Rapid scaling has given rise to a non-adherent 
500 


2 The metal scale interface of a 0-18°,, C 
1 kh. in the range 1,200°-1,250°C 
atmosphere 
scaie Unetched. 


a hot-short condition in the metal, though it may 
affect the plasticity and adherence of the adjacent 
scale (cf. figs. 2 and 3). 

Edstrém,'* investigating 188 stainless steels 
scaled at 1,050°C. in oil-fired reheating furnaces, 
found that in atmospheres containing free oxygen 
a transition took place from an adherent to a flaky 
oxide, associated with a chemical breakdown of 
an early formed, slowly growing oxide film with 
a high chromium content. He showed that sulphur 
in the furnace atmosphere increased scaling rate 
and produced an adherent scale when excess CO 
was present, but otherwise did not markedly alter 
the behaviour when free oxygen was present in the 
atmosphere. 

With plain carbon steels, Engell and Peters’’: '* 
studied the interrelationships between scale for- 
mation, adhesion and oxidation kinetics. They 
concluded that adhesion decreased with increased 
rolling temperature in the case of unkilled steels, 
killed steels showing no such clear relationship; 
that adhesion decreased with increased scale thick- 
ness (also found by Sachs and Pitt®); that forma- 
tion of intermediate layers containing silicate, 
between steel and wiistite, was important for scale 
adhesion on killed steels and that wiistite began to 
dissociate on slowly cooling scale below 570°C., 
but did not affect scale adhesion. Further work 
using pure iron with additions of specific elements 
showed that, for elements whose oxides have a 
higher free energy of formation than for iron, 
their oxides react with wiistite (e.g. Al, Si, P) 
forming intermediate layers between wiistite and 
metal, reducing the adhesion; for elements whose 
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bes \ a 


3 The metal'scale interface of a 0-05 C steel scaled for 
1 A. at 1,150°C. in a ‘neutral’ atmosphere (80°,, N,, 10 

CO,, 10 H,O) containing 4 free oxygen, showing the 
adherent nature of the scale Unetched 500 


oxides are soluble in wiistite, e.g. Mn, they only 
noticeably reduce adhesion; and for elements with 
a considerably smaller free energy of formation of 
oxide than iron, they precipitate between wiistite 
and metal. This was found to be particularly so 
for Cu and S which precipitates as FeS. The 
plasticity of these precipitates induces stresses 
between scale and metal, thus increasing the 
adhesion. 

The relationship between the constitution of 
scales formed on mild steels and their ease of 
removal by pickling or mechanical descaling has 
been investigated.'**° It was suggested®’ that 
where a seam of magnetite (Fe,O,) occurred at the 
metal scale interface then the scale may be expected 
to be more adherent. Scale was found to spall off 
more easily under stresses due to cooling or hand- 
ling when the seam was absent. Recently reported 
work by Sachs and Pitt,”' describing the removal 
of scale from steel rod by stretching, showed that 
the total amount of scale and weight of adherent 
scale increased with time and temperature of 
oxidation, while the proportion of adherent scale 
was independent of these factors but tended to 
increase with carbon content; the weight of 
adherent scale and its proportion of the total 
decreased as the scale grew thicker. 

Tylecote,™” reviewing the information concerning 
the adherence of oxide films on metals, emphasized 
the possible effects of volume ratio, surface con- 
figuration, film plasticity, the diffusion mechanism 
and the relative expansion coefficients of metal and 
oxide. In the absence of plasticity, it was con- 
sidered that adherence at high temperatures was 
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primarily due to a balance between inward and 
outward diffusion of metal and oxygen. In non- 
plastic films differential contraction on cooling 
could result in the spalling of otherwise adherent 
films. Using relatively pure iron, Tylecote’s 
investigations** indicated that there should be a 
marked difference in the adherence on cooling 
between specimens cooled from an oxidation 
temperature of 900°C. and those cooled from 
1,000°C. The phase change from « to y iron 
upon heating in the neighbourhood of 900°C. 
results in a contraction and an increase in the 
coefficient in the y-range. 
the order of 1°, of the volume and might be 
expected to markedly affect the adherence of scales 
formed above 910°C. 
plasticity and a slow cooling rate, scales formed at 
1,000°C, might therefore be more adherent than 
those formed at 900°C., provided they were of the 
same thickness. 


Some factors affecting scale adhesion 

The following table represents a_ simplified 
analysis of some of the factors which have been 
shown to influence scale adherence :— 





PABLeE | 
Material Favouring adhesion Minimizing adhesion 
Cu and S precipitated Intermediate Al, Si, 
between wiistite and P oxides reacting with 
Pure metal at the interface  wiistite at the interface 
tron SS 
Presence of oxides 
soluble in wiistite (e.g 
MnO 
Free oxygen and sul- Increased rolling tem- 
phurous gases in the perature (for unkilled 
Plain furnace atmosphere steels 
carbon —- a 
steels A magnetite seam at Increased scale thick- 
the interface ness 
Increasing carbon 
content 
18/8 Sulphurous gases with Free oxygen in the 
Stain- excess CO in the | furnace atmosphere 
less furnace atmosphere leads to a transition to 
steel 


flaky oxides 


The author has obtained results™ for a killed 
0-3°,, C steel, soaked at temperatures in the range 
600°-1,250°C. for periods up to 4 h. in synthetic 
atmospheres containing 80°,, N,, 10°, CO,, 10' 
H,O, 0-1°,, SO,, with 0, 2, 5 and 7°, free oxygen 
respectively (simulating up to 45°, excess air in 
a combusted producer-gas atmosphere), which, 
as shown in table 2, compare favourably with the 
above indications. 
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This contraction is of 


Given some degree of 











september, 1961 

TABLE 2 

Favouring Minimizing 
composition adhesion adhesion 
C— 0-31 
Mn— 0-64 Scaling at 1,100°C. 
Si— 0-24 | with up to 7°, free | Scaling at 1,250°C. 
S— 0-050 oxygeninthe furnace | with 5-7°%, free 
P— 0-027 | atmosphere oxygen in the 
Ni— 0-15 furnace atmo- 
Cr— 0:08 Scaling at 1,250°C. | sphere 
Mo—Tr in a neutral atmo- 
Cu— 0-25 spheret containing 
Sn— 0:064 0-1-0-15°, SO, 


assuming complete 


80°, N,, 10°, CO,, 10% H,O; 
combustion of a typical producer gas. 


Conclusions 

Where it is impracticable to avoid scaling, the 
controllable factors which appear to minimize the 
formation of adherent scales are: 

1. The production of a thick scale, by using 
higher reheating temperatures and or working at 
an elevated temperature. 

2. The prevention of residuals concentrating at 
the metal scale interface, by rapid scaling. 

3. The maintenance of an oxidation potential to 
promote the formation of a greater proportion of 
wiistite (FeO) than magnetite (Fe,O,) at the 
metal scale interface. 

4. For a 0-3°,, C steel, reheated in a combusted 
producer-gas atmosphere (containing 0-1-0-15°, 
SO,) with approximately 35-45", excess air, soaking 
at 1,250°C. for 4 h. gave rise to a non-adherent scale. 
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Mechanical working by the 


vibration method 


M. YA KARNOV and A. A. VORONIN 


Although vibrations are usually undesirable in machine operation, some vibrations 


have been shown to benefit certain forging operations. This Russian investigation 
has been translated from ‘Kuznechno-Shtampovochnoe Proizvodstvo,’ No. 3, 1960 


VIBRATIONS OCCURRING during the operation of 
various machines represent harmful phenomena. 
But, as a result of a whole series of tests and obser- 
vations in practice, it has been established that, 
during the mechanical working of metal, vibrations 
of a definite frequency and amplitude are extremely 
beneficial and, in many instances, lead to a speeding 
up of the technical processes. 

The present work gives the results of an investi- 
gation of the process of vibration forging to deter- 
mine its technical characteristics and obtain certain 
parameters for the development of the relevant 
technical forging processes. 

In fig. 1 is shown the kinematic diagram of 
a vibration press installed in the forge shop of one 
of our Russian works. 

The vertical ram of the press 3, which is me- 
chanically connected with the vibrator 2, sets up 
vibrations in the vertical direction. The stroke 
and frequency of the vibrations of the ram 3 are 
dependent on the setting of the mechanical vibrator 
and can be varied within relatively wide limits. 

‘the static force, Py from the hydraulic system 
of the press ensures the closing together of the 
parts of the die between which the billet is located. 

By carrying out vertical vibrations, the ram 3 
strikes against the top half of the die, setting up an 
additional pulsating load during forging. 


Experimental details 

Investigations were carried out at one of the 
works and under laboratory conditions.* As 
equipment for the experiment, use was made of an 
experimental vibration press having the following 
characteristics : 
Maximum static force, P,:, from the 


hydraulic pressure ; 100 tons 
Maximum value of the variable force, 
PP “2% + a vie # 350 tons 





* V. I. Viasov, B. I. Petrov, A. P. Rogachevskii, V. A. 
Filatov (deceased), M. S. Sotskii and S. N. Shestakov 
took part in the experimental part of the work. 


Maximum frequency of the vibra- 


tions of the ram of the vibrator i,500 min 
Range of vibrations of the ram of 
the vibrator, A : =! : From < 1 -25 mm 


For comparison, part of the experiments were 
carried out on a stamping press with a maximum 
working force of 1,000 tons. Specimens were 
prepared from 40KhNMa steel and AK-6 and vp-17 
aluminium alloys. For the basic experiments use 
was made of cylindrical specimens, with the 
direction of the fibres along the axis of the 
specimens, 25 mm. in diameter and 10 and 20 mm. 
high. The specimens were turned to No. 6 finish, 
and the end faces were ground to No. 7. The 
height dimensions of the specimens were main- 
tained with an accuracy of +0-02 mm 

The specimens were compressed in the cold and 
hot states with and without lubricant. During the 
compression of specimens under the various work- 
ing conditions (i.e. static, vibrational, static and 
vibrational), observations were made of the plas- 
ticity hardness, macro- and micro-structure and 
mechanical properties of the metal being worked. 
At the same time the operation of the vibration 
press was studied and checked. 

For recording the operating forces and the 
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1 Kinematic system of the vibration press 
1, Tenstoning mechanism. 2, Vibrator. 3, Ram. 4, Working hydraulic 


cylinders 5, Movable crosshead 6, Fixed crosshead 7, Column 
8, Pumping plant. 9%, Electric motor 
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deformations of the specimens in relation to time, 
arrangements were made for an electro-dynamo- 
meter device and a method of measurement based 
on the recordings of wire resistance strain gauges. 

The system of measurements is shown in fig. 2. 
The lower part of the die 1 is fastened to the 
baseplate of the vibration press, and itself forms 
a dynamometer, working in conjunction with the 
electronic magnifier 5 and the type MP-02 sliding 
oscillograph 6. The upper part of the die 2 is 
fastened to the crosshead 8, set in motion by the 
two rams 7 from the hydraulic system. The ram 9 
is seated on bearings fastened in the crosshead 8 
and the plate. At the top end of the ram 9 is 


fastened the vibrator 10, with the bottom end of 


the ram 9 pressing against the die 2. 

The operation and recording of the forces on 
the press are carried out in the following manner. 
The specimen 3 is placed on the die with the 
dynamometer 1. The crosshead 8, moving down- 
wards, brings the upper die 2 into contact with the 
specimen 3. During subsequent movement, the 
gap between the die 2 and the crosshead 8 is taken 
up first of all, and then compression of the specimen 
3 by the hydraulic system takes place. 

The relatively slowly changing force during the 
compression of the specimen brings about elastic 
deformation of the rods of the dynamometer | 
to which are fastened the wire strain gauges (not 
shown in fig. 2). The wire strain gauges, connected 
to a bridge system, transmit an electric signal to 
the input of the amplifier 5. The output of the 
amplifier 5 is connected with the slide of the 
oscillograph 6 where the electric signal is recorded 
on a film. 

On attaining the maximum force set from the 
hydraulic system, the vibrator 10 is switched on, 
under the action of which the ram 9 starts to carry 
out oscillations in the vertical direction, thereby 
applying impulses to the top die 2, as a result of 
which the specimen is additionally deformed. The 
dynamic loads deforming the specimen are recorded 
in a similar manner to that described above. The 
strain gauges 4 are intended to be an additional 
means of recording the forces in the rams of the 
hydraulic system. 

For the measurement of the deformation of the 
specimen in relation to time a strain gauge was 
installed to measure the travel of the top die. This 
is not shown in fig. 2. The strain gauge provides 
recordings of the movements of the top die relative 
to the bottom one, thereby measuring the change 
in the height of the specimen being compressed in 
relation to time. 

The body of the dynamometer, made from steel 
45, consists of the base, the cradle and the elastic 
fins. The dynamometer is rigidly fixed to the 
column of the press by its base. In the cradle is 
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2 System of measurements during stamping with vibration 
fastened an insert die. Under the action of the 
forging force the cradle is moved in relation to 
the base as a result of the deformation of the elastic 
part of the body of the dynamometer. 

The elastic system of the dynamometer, consist- 
ing of a vertical stalk and a horizontally placed 
diaphragm, allows the cradle to move only in the 
vertical direction. The parameters of the elastic 
elements of the body of the dynamometer are so 
calculated that the value of the elastic movements 
at a loading of 100 tons does not exceed about 
0-02 mm. 

For recording the movements of the cradle use 
is made of three load cells, which press against the 
bottom of the cradle, being fastened in the flange. 
The body of the load cell has a thin-walled section 
—the stalk, on to which are fastened wire strain 
gauges with a resistance of 200 ohms each. The 
tapered end of the load cell is fastened by screws 
in the cradle of the dynamometer. The cylindrical, 
thickened end is fastened in the flange. 

Two wire strain gauges are located at opposite 
sides of the thin-walled stalk and along its axis, 
and two at right-angles to it above the first two. 
The strain gauges are insulated against water by 
a layer of a mixture of paraffin with rosin, 1-5-2 
mm. thick. 

The six working strain gauges and the six com- 
pensating gauges fastened on the three bodies form 
two arms of the input side of a Wheatstone bridge. 
Thereby the operating strain gauges, by taking 
part in the deformation of the thin-walled section 
of the stalk, transmit an appropriate signal to the 
input side of the magnifier. The compensating 
strain gauges ensure the elimination of disturbances 
connected with the action of temperature on the 
electrical and mechanical elements of the dynamo- 
meter system. 

The travel strain gauge, which provides a 
recording of the degree and rate of deformation 
of the specimen in relation to time, takes the form 
of an elastic ring, manufactured from 656 steel. 
The ring is fastened to both halves of the die, and 
is elastically deformed within the limits of 20 mm. 
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3 Graph of the relationship between deformation and force 
during the compression of specimens of 25-mm. dia. and 
10-mm. high in VD-17 alloy under conditions of a com- 
bination of static and vibrational loads 
1, P 12-5 tons, « 940-950 vibrations min. 2, P 4-5 tons 
940-990 widbrations mir 1. P 70 tons 990-1 ,000 
vibrations min ‘i P 90 ton 1,010—-1,020 wibranons mun 


The deformation of the ring is recorded by means 
of wire strain gauges, fastened to the inner and 
outer surfaces of the ring and forming two arms 
of a Wheatstone bridge. 

By means of the elastic ring in conjunction with 
the electrical strain gauges, recordings are made of 
curves of the relationship between travel and time 
on the film of an oscillograph. As a result of 
calculation of these curves, the values of the velocity 
and degree of deformation of the specimen were 
recorded at individual moments of time, and 
likewise various characteristics of the process of 
plastic deformation were established. 

Calibration of the equipment was carried out 
before it was placed on the machinery, and directly 
in its working position. 


Plastic deformation 

The majority of the experiments were carried out 
by recording the forces and deformations in relation 
to time under the various working conditions of 
compression, in the form of oscillograms. 

The fundamental relationships which are the 
Starting point for the construction of the other 
important parameters were shown to be those of 
force-time and deformation-time, which were 
determined directly from the oscillograms. About 
220 graphs were constructed, all of which may be 
split up into five groups: 

(1) Compression of the specimen by a static 
force. 
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(2) Change in the force and deformation in 
relation to time during vibrational application of 
the load (a very small part of the deformation of 
the specimen was carried out by means of static 
force, preceding the vibrational compression 

(3) The same as in (2) above, but in this instance 
almost the whole of the deformation of the specimen 
was carried out by means of vibrational loading 

(4) Compression of the specimens on a stamping 
press. 

(5) Compression of the specimens under con- 
ditions of ‘pure’ vibrational loading. By the 
term ‘ pure’ vibration is meant a process whereby 
the deforming stress is transmitted directly by the 
ram of the vibrator to the metal being deformed, 
so that Py = 0. 

The relationships between the deformations of 
the specimens and the deforming forces are pre 
sented in fig. 3. These relationships are different 
for the various materials tested and the various 
methods of application of the load (static, vibra- 
tional, static and vibrational). Thus the curves 
presented show that an increase in the static force 
by comparison with the vibrational load is un- 
favourably expressed in the plasticity, and leads to 
an increase in the deforming force. This is 
obviously apparent from the fact that a specimen 
initially compressed at a force Py, 45 tons and 
a lower force P,,;», attained a greater degree of 
deformation by comparison with a specimen 
compressed at P,, — 90 tons. 

The relationship between pressure and degree 
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4 Graph of the relationship between pressure and degree of 
deformation during the compression of specimens of 25 mm 
dia. and height 20 mm. in VD-17 alloy under conditions of 
static-vibrational operation 
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TEST TEMP °C 
S Diagram of the plastic properties of titanium alloy VT-2 


during compression on different machines 
1, On the vibration press 


2, On a stamping press 3, On a hammer 
of deformation is presented in fig. 4. The value of 
the pressure was determined by dividing the 
operating force by the relevant area of the cross- 
section of the specimen. The area was determined 
by calculation, for each value of the current height 
of the specimen, based on constancy of volume of 
the specimen during compression. 

In fig. 4 the graphs relate to compression of 
specimens during two sets of working conditions: 
static and vibrational. Thus the values of the 
pressures for the final degree of deformation are 
less for those specimens where the vibrational 
loading was commenced at lower values of Ps. 

Consequently the replacement of static loading 
by vibrational loading promotes an increase in the 


plastic properties of the material during the 
mechanical working process. 
The experiments conducted to determine the 


relationships of the deforming forces and the 
shape of the cross-section of the specimen showed 
that the most favourable cross-section of a specimen, 
which renders it more easily susceptible to plastic 
deformation (compression) and requires the mini- 
mum deforming force, is a circular cross-section. 


Macro- and micro-structure 

Investigations were carried out of the macro- 
and micro-structures, and determinations were 
made of the degree of deformation < in individual 
areas of the cross-section of a specimen, and of its 
mechanical properties. Comparing the specimens 
of AK-6 alloy, obtained by compression on the 
vibration press and on an ordinary mechanical 
press, it may be seen that in the first instance the 
deformation of the specimens attains a greater value 
without the appearance of the first crack (<« > 70 

From fig. 5, in which curves 2 and 3 are borrowed 
from papers of A. A. Nikol’skii, may be seen the 
increase in the plastic properties of titanium alloy 
vt-2 under conditions of working the alloy on the 
vibration press at various temperatures. 

It was also established that during the deforma- 


“TURNS OF THREAD APPLIED IN DIRECTION 
OF APPLIED PRESSURE 
6 Distribution of the actual degrees of deformation during 
hot compression (480°C.) of rectangular specimens, 15 30 
60 mm., of AK-6 alloy on different machines 


On a mechamcal forging press with a force of 1,300 tons (« 25 
2, On the vibration press 26:3 


tion of aluminium alloy vp-17 in the cold state 
by the vibration method the plastic properties are 
increased by about 30-40°,,, and during the defor- 
mation of the titanium alloy vr-2 in the hot and 
cold states the properties are increased by approxi- 
mately 25°, by comparison with the plastic pro- 
perties during deformation on a forging press, and 
by about 100°,, by comparison with deformation 
on a hammer. 

During investigation of the micro- and macro- 
structure of the specimens it proved possible to 
establish that during vibration conditions are 
created for more favourable distribution of defor- 
mation throughout the volume. The fibres of the 
specimen compressed on the vibration press are 
directed almost perpendicular to the plane of the 
end face over the whole of the cross-section. The 
folding action over the end faces produced here is 
considerably less, t.e. the deformation proceeds 
more homogeneously. The microstructure of the 
specimens of AK-6 alloy was also more homogeneous 
after recrystallization heating as a result of com- 
pression on the vibration press. 

One of the important characteristics for com- 
parison is the grain size of a deformed specimen 
after the recrystallization period. Experiments con- 
ducted to determine the distribution of the grain 
size over the height of specimens of vp-17 alloy 
showed that the most homogeneous and fine struc- 
ture is obtained on the specimens compressed on 
the vibration press with the use of a lubricant. 

During compression on hydraulic and crank- 
drive forging presses, the grains produced are 
coarser, by as much as 100°,,, and more inhomo- 
geneous over the height of the specimen than 
occurs during compression on the vibration press. 

The inhomogeneity of the deformation was 
studied on specimens into which screws had been 
inserted. 

In fig. 6 are presented two curves relating to the 


ik- 
ire 
10- 


Ss. 
yas 


en 


he 


september, 1961 








E £< h-h,=Ah 

EO.24 -—_-™ = ———————————E—EEEE 
4 2 4 at 
0 6 2 —++ 

= r | 
$644 bn 

> 

z 

Vv 

~~ 

3 4 
= = 











re) 10 20 30 40 $0 60 
DEGREE OF DEFORMATION €,% 


7 Relationship between the convexity of the end faces, the 
conditions of deformation and the degree of deformation 
(specimens of AK-6 alloy, compression in the cold state 

1, Compression on the vibration press without lubricant. 2, Compression 
ithout lubricant. 3, Compression on the vibranon 
ubricant. 4, Compression on a stamping pres 









compression of rectangular specimens, 15 30 

60 mm., of AK-6 alloy in the hot state. 

As a result it was established that, on the vibration 
press under conditions of ‘ pure’ vibration or with 
preliminary compression by means of hydraulic 
pressure, a more homogeneous distribution of the 
deformation of the metal is obtained. 

The hardness distribution on the surface and in 
the centre of the specimers deformed in the cold 
state was more homogeneous as a result of defor- 
mation on the vibration press. 


Mechanical properties 


The mechanical properties of the specimens of 


AK-6 alloy after compression on the different 
machines are shown in table 1. After compression 


TABLE 1 Mechanical properties of specimens of AK-6 
alloy after cold deformation and subsequent heat treatment 

















Mechanical 
No. of properties 
speci- Machine on E —_ ———_ 
mens which compres- Ob OT 4 
tested sion was carried kg kg 
out mm mm 
4 Vibration press- 20 44-0 32 19 
5 hammer 26-29 43-0) 32 19 
7 36-39 44-0 33 19 
2 Hydraulic press 20 42-0 30 17 
2 29 44-0 31 15 
2 35 41-5 27 16 
2 Stamping press 21 40:0 30 16 
2 26 43-0 31 18 
4 39 42:0 | 31:5 | 19-5 


the specimens were subjected to heat treatment by 
quenching and tempering subject to standard 
conditions. During mechanical tests on an IM-4R 
machine, the ultimate tensile strength >», the yield 
strength o7 and the relative elongation 4 were 
determined. 
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As is evident from the table, the mechanical 
properties of the specimens produced by vibration 
forging are more uniform and in their absolute 
values are not less than the mechanical properties 
of the specimens produced on hydraulic and 
mechanical presses. 

The dimensional accuracy of the deformed 
specimens was characterized by the value of the 
convexity of the end faces and the side surface of 
the deformed specimens. The vibration method 
of deformation in all instances promoted an increase 
in accuracy on the end faces of up to 50°, (fig. 7 
and a reduction in the convexity of the side surface 
of up to 60 

At the present time the process of vibration 
deformation is in a state of development for mass 
production. 


Conclusions 


An overall assessment of the results obtained 
permits the conclusion to be drawn that the process 
of vibration forging has beneficial aspects. By 
the vibration method of deformation the following 
advantages are ensured: 

1. More even deformation throughout the volume 
of the deformed metal is ensured. 

Under conditions of frequently changing (vibra- 
tional) loadings plastic deformation is concentrated 
on a larger quantity of microscopic volumes than 
during static applications of load. By this method, 
thanks to the intermittent loading, there is also 
a decrease in external friction, and conditions are 
created for more homogeneous distribution of the 
stresses throughout the volume, en: uring favourable 
conditions for the development of the processes of 
plastic deformation. 

2. There is a reduction in friction on the contact 
surfaces of up to 60 

3. There is an increase in the plastic properties 
of the material being worked of up to 40°, in the 
instance of deformation of light alloys and titanium 
alloys, structural steels, etc. 

4. There is a reduction in pressure of 50-100 
which brings about an increase in the working life 
of the dies and a decrease in the required capacity 
of the equipment. 

During the forging of billets for components 
(turbine blades) in vp-17 alloy, it was established 
that the vibration method permits the production 
of components with a tolerance along the blade 
after polishing of +0-05 mm. and with a higher 
surface quality than on mechanical forging and 
stamping presses. 

By means of the investigations carried out, the 
practical need has been shown for special vibration 
forging machines for the mechanical working of 
metals in mass production, preferably for finishing 
operations, such as gauging and die-stamping. 
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Protective coatings for heat treatment 


This article* discusses the effectiveness of protective coatings applied to steel and 


superalloy parts to be heat treated, in facilitating scale removal or preventing 


oxidation. 


It is claimed that their use can result in economies in heat treating 


where production quantities are low but surface protection of parts is needed 


WHEN HEAT TREATED, steels, and to a still greater 
extent the newer cobalt and nickel-base alloys, 
may form scale which resists removal by conven- 
tional acid pickling. Descaling often requires long 
pickling periods, inducing harmful effects such as 
intergranular attack, selective etching and excessive 
metal loss. 

To prevent surface oxidation during heat treat- 
ment, special facilities are being used of which 
molten salt baths, atmosphere and vacuum furnaces 
are most prominent. Although these are highly 
effective for bright heat-treating steel and heat- 
resistant alloys, they are costly, require rigid 
process controls, and are only economical for 
high-production quantities. 

In the aircraft industry, high-production quan- 
tities are seldom experienced, and the purchase 
of special heat-treating equipment is often not 
warranted. At Boeing, protective coatings have 
been used successfully on such parts as nozzle 
boxes of Hastelloy X for turbines, spars of pre- 
cipitation hardening alloys, ducts of Type 321 
stainless steel and on thin sheets for airframe skins. 
The coatings, which decrease metal losses during 
pickling and make it easier to remove scale, can be 
classified as either scale conditioners, mechanically 
bonded protective coatings, or plated and diffusion 
coatings. 

The specific coating selected for a given material 
is dependent on many factors. Certain alloys 
form peculiar chemical and physical types of scale 
which may be chemically resistant to pickling. 
Other alloys contain phases from which scale is 
difficult to remove. Consequently, they may 
suffer severe intergranular attack during long 
pickling periods. Generally, long exposure at high 
temperature will yield a tenacious scale, but other 
factors, chiefly metallurgical, can moderate this 
effect. Thus, a tempering scale on a hardened 


* Based on a paper in Metal Progress, June, 1961, by 
E. L. Stone and L. Albertin, project chief and research 
engineer, respectively, Metals Unit, Manufacturing 
Development Section, Boeing Airplane Co., Seattle, Wash. 


steel is more difficult to remove than a scale 


produced during austenitizing. 


Surface preparation 

The most important requirement in protective 
coating technology is cleanliness of the surface to 
which coatings are applied. The chemical and 
physical nature of a metallic surface has a very 
marked effect upon the quality of any coating that 
may be used to protect it. Consequently, the 
production of heat-treatment coatings of high 
quality is dependent upon the thorough pretreat- 
ment of the surface of the base metal by degreasing 
and descaling. 


Scale conditioners 

New scale conditioning coatings and methods 
of application have been developed recently. Of 
these, two have been thoroughly tested at Boeing 
and have received considerable usage. These 
include the oxidation-inhibiting coatings consisting 
of silicone oil or grease, and a clay-suspension type. 
The former coating was developed for stainless 
steels, but it may also be applied to other metals 
(although it has thus far been ineffective on 
titanium). The latter coating is predominantly 
used on nickel and cobalt-base alloys. 

Silicone coating compounds with a viscosity 
ranging from 20 to 60,000 centistokes have proved 
satisfactory, but 50 centistokes is the optimum for 
coating applications. Any silicone fluid or grease 
is usable, but the dimethylsiloxane polymer is the 
most readily available and effective. The dimethyl- 
siloxane is brushed on in the heat-treating shop 
or, for large sheets, a paint roller is most convenient 
for rapid application. The coating remains oily 
and cannot be scratched off. During heat treatment 
it decomposes and emits a fume. Silicone-coated 
parts can often be stacked together without greatly 
affecting the coating’s performance. However, 
with alloys yielding more difficult scales, maximum 
coating protection is obtained by freely suspending 
and separating the parts. 

Pickling is carried out in an acid bath containing 
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15-35°,, HNO,, 1-5-8-0°,, HF, and water. When 
a silicone coating is applied to stainless steel before 
annealing, the total metal loss from heat treatment 
and descaling is about 0-1-0-2 mil. After three 
annealings (applying a coating before each) total 
metal loss is about 0-4-0-6 mil with only one 
descaling step required. 

Without a coating, the total metal loss is 0-5-1-5 
mil. During three annealing treatments (descaling 
after each), an uncoated surface will sustain a total 
loss of 1-5-4:5 mils. The use of the silicone 
coating during annealing reduces final pickling 
time to 4-10 min. (Usually, it takes up to 15 min. 
to remove the cumulative scale formed during 
three annealing treatments.) In general, pickling 
time on a coated material is about one-fifth to 
one-tenth of that for a non-coated material. 


By first dipping parts in an alkaline-permanganate 
scale conditioner, it is possible to remove cumulative 
scale formed during solution treatment and pre- 
cipitation hardening from steels such as 17-7 PH 
and PH 15-7 Mo. This can be done with inhibited 
hydrochloric acid, a mild pickling treatment that 
appears to be a safe way of avoiding intergranular 
attack on certain sensitive alloys. 

Silicone coatings offer a number of cost-saving 
advantages to heat treaters. They can be applied 
in the heat-treatment shop, thus saving time. 
Coating thickness is not critical and protection is 
achieved even with careless application. In 
addition, a very clean surface is required only when 
a mild pickling solution such as inhibited hydro- 
chloric acid is used. 


Clay coatings for superalloys 

Clay suspension coatings can be applied with 
success on many alloys, but they are most effective 
when used on nickel and cobalt-base super-alloys. 
The coating is applied in a spray booth with 
adequate ventilation. Spraying is usually controlled 
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so that a coating thickness of 0-2-0-5 mil is 
obtained. When cured, the coating has a reasonable 
dry strength, but careful handling is necessary in 
transporting the parts to the furnace to prevent 
damage. The coating requires a very clean surface 
and should be uniformly applied. 

Typical descaling times and metal losses for 
three superalloys are shown in table 1. The data 
show that effectiveness of dry coatings varies with 
the alloy. For instance, without the coating it 
would be almost impossible to descale Hastelloy X 
With René 41, it does not save pickling time, but 
it saves from 0-2-0-3 mil of metal. 


Mechanically bonded coatings 

The method of application of a metallic or 
ceramic coating for metal protection at elevated 
temperature has a significant influence on its 
character. Thickness, uniformity, composition, 
density, continuity and adherence are affected by 
the coating process, and the quality of protection 
and cost are related to the method of application 
and type of coating used. 

Mechanically bonded coatings are applied by hot 
dipping, brushing or metal spraying. Not all 
coatings are readily applied by all methods, but 
usually, for a given metal, one or more processes 
are equally practical and economically feasible. 

In the manufacturing sequence for titanium 
alloys, elevated temperatures are frequently 
required, for forming and heat treating. To reduce 
warpage during the thermal treatment, heat-treating 
fixtures of heat-resistant alloys are employed. 
Although special alloy tools could withstand the 
elevated temperatures, they are costly and often 
difficult to obtain in quantity. As a substitute, 
mild steel is frequently used with an adequate 
coating to protect it from oxidation at elevated 
temperatures. Coatings of nickel-chromium-boron 
alloys and nickel-chromium alloy covered with 


TABLE 1 Typical descaling times and metal losses for clay-coated superalloys 











Clay René 41 Haynes Stellite 25 Hastelloy X 
suspension — 
used Pickle A* Pickle Bt Pickle A Pickle B Pickle A Pickle B 
Time to descale, minimum metal loss, mils 
Yes 20-3 6/0-2 45/0:7 70/0°6 15/0°4 40/0-3 
No 15/0-5 40 /— 450-8 110/¢ 135/—— 60+ 
Yes§ 80-5 40/0-3 30-45 0-5 105/0°5 10/0-3 50/0-2 
No 25-30/0-7 30/0-4 45-75/0-7 115/0-6 180-240 0-6 145 4 
Yes§ 16/0°5 40/0-3 30-45 0-6 90-105/0-5 10/0-2 60/02 
No 25-30/0-8 30/0-6 45-75/0°8 115-130/0-8 120—240/0-7 145/t 
Yes§ 16/0°6 40'0-3 30-45 0-6 105/0°7 15/0°3 60/0°2 
No 25-30/0-9 30/0-6 45-750:°9 115/0-8 180-—240/0-8 145/¢ 





* Pickle A: 34°, hydrofluoric, 5°, nitric acid. 


t Pickle B: 4°. hydrofluoric, 20°, nitric acid preceded by scale conditioning in an alkaline-permanganate solution 


+ Incomplete scale removal. 
§ Two coats (total thickness: 1 mil). 
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a layer of aluminium oxide will give adequate 
protection for mild-steel ageing fixtures. For 
prototype quantities, aluminium oxide alone will 
give economical and adequate protection. 

These particular coatings are applied by a 
flame spray process using the protective materials 
in wire or powder forms. Tools to be coated are 
prepared by vapour degreasing and grit blasting. 
The most economical protective coating has a 
thickness of 0-003-0-005 in. All coatings except 
aluminium oxide must be baked in a reducing 
atmosphere. Tools are loaded into the furnace 
which is operating at 980°C. The temperature is 
then raised to 1,040°C. and the tools are held at 
temperature for 5 min. after which they may be 
removed and cooled in air. Finishing is done 
with buffing and grinding wheels to remove ‘ orange 
peel.” The aluminium oxide coating is surface 
finished with No. 240 emery paper. 

In the heat treatment of titanium alloys and 
stainless steels, coatings also serve to inhibit 
contamination. Various coatings have been recently 
developed which are of the pop-off type or which 
can be removed by chemical solutions. Two such 
ceramic coatings and one aluminium paint (alumi- 
nium powder suspended in silicone oil) have been 
tried with varying success at Boeing. 
these ceramic coatings was of a glass type, the 
other was a pop-off coating. Ceramic coatings are 
applied by spraying and the aluminium paint is 
brushed on. The former can vary in thickness 
from 4-10 mils and can be dried at room tem- 
perature. Aluminium paint requires a drying 
temperature of 200°C. and a baking temperature 
of 650°C. for a total of 24 h. The glass-type 
ceramic coating is removed after heat treatment 
by a 20-min. immersion in a 15°, sodium hydroxide 
solution; aluminium paint requires a total of | h. 
in alkaline and pickling solutions. The pop-off 
coating is removed by quenching in water. 

Of the three coatings, the glass-type ceramic 
gives the best protection against oxidation. In 
addition, it requires a production flow time of 
only 1 h. compared to 30h. for aluminium paint. 
The pop-off coating is the least successful because 
frequently pop-off properties are ineffective, and 
removal of the residual coating by pickling solutions 
is difficult. 


Borax controls decarburization 


Another application of heat-treatment coatings 
lies in the protection of high-carbon tool steels 
which tend to decarburize when heated to the 
hardening temperature range. It has been found 
that a borax film, applied as a saturated water 
solution, is helpful in controlling decarburization. 
The unheated parts can be immersed in the solution 
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at 82-100°C., or the solution can be applied with 
a brush or spray. Pieces so treated are heated a. 
usual, but care must be taken to preserve the borax 
during handling. 

Still another method of protecting finished parts 
during hardening is to apply a coating of copper 
paint which can be brushed or sprayed on. After 
drying, a protective coating of copper remains. 


Plated and diffusion coatings 

One of the best examples of a plated coating is 
the use of copper to protect selected areas on parts 
that are to be case hardened. This widely used 
method finds application where production warrants 
the expense of installation and operation. 

Copper plating is effective with most carburizing 
compounds, although with some, it does not prevent 
carbon penetration. In addition, there is consider- 
able difficulty in depositing the copper plate in 
recessed areas. 

Two methods may be employed when using 
copper plate. The entire piece is plated and the 
copper is removed by machining or grinding it 
from that portion to be hardened, or suitable 
protective paints are used to mask off the areas 
not to be copper plated. In the usual method, 
a baking japan or lacquer is painted on the area to 
be hardened. It is baked or dried, and the part 
then plated. In the subsequent carburizing opera- 
tion, the japan or lacquer burns off, permitting 
the carburizing gases to contact only those areas 
which are to be hardened. Masking may also be 
done with rubber or with a wax stop-off. 


Bright annealing 

One technique for protecting steel and super- 
alloys during heat treatment is based on thermal 
reduction of metallic halides which produces a 
thin skin on the parts. Used widely in France and 
now being investigated at Boeing, the process has 
proved effective in bright annealing treatments. 

To apply the protective layer, the parts to be 
bright annealed are put into retorts containing small 
amounts of ammonium fluoride and powders of 
chromium or nickel The retorts are closed by 
welding except for an opening for escaping gases. 
When the parts are treated at elevated temperature, 
the ammonium fluoride reacts with the metal 
powders and is dissociated. A thin skin of low- 
volatility fluoride is formed on the surfaces of the 
parts. This fluoride is reduced at higher tem- 
peratures forming a reducing atmosphere. As 
a result, the parts are usually bright with little 
oxidation of the surface. Several cobalt and 
nickel-base alloys have been treated in this manner 
at Boeing with excellent results. 
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Fuel efficiency in steel heat-treatment 


practice 


G. A. BLACKWELL, M.Inst.F., M.Inst.Gas E. 


The object of the following notes* is to explain the general principles involved in 


achieving efficient fuel utilization in steel heat-treatment practice. 


Many types 


of furnaces are used and numerous factors have to be considered, some quite distinct 


from fuel economy. 


common to them all and those discussed apply to all furnaces. 


Generally, however, 


the guiding principles of practice are 
It cannot be over- 


emphasized, however, that the most important function of any heat-treatment furnace 
ts to produce a satisfactory product and other considerations, such as fuel economy, 


must always be subordinate to this 


FUELS USED FOR HEATING heat-treatment furnaces 
fall under four headings, namely: (a) solid fuels; 
b) gaseous fuels; (c) liquid fuels; and (d) electricity. 

Solid fuels Solid fuels in the form of coal and 
coke can be applied efficiently and smokelessly to 
heat-treatment furnaces by the use of mechanical 
stokers. Running costs, compared with alternative 
fuels, can be low, but the difficulty of controlling 
operating conditions to within the fine limits often 
required in modern heat-treatment practice is a 
serious disadvantage. 

Pulverized coal has improved application, but 
does not compare favourably with gaseous or liquid 
fuel for flexibility of control. The trend in practice 
is towards the replacement of solid fuel firing by 
more controllable forms of heating. 

Gaseous fuels Included in this category is town’s 
gas, coke-oven gas and producer gas. Gaseous fuels 
are used extensively for the firing of heat-treatment 
furnaces. They are in the ideal state for intimate 
mixing with air to give complete combustion with 
the minimum of excess air, and the gas and air 
mixture can be accurately controlled to give the rate 
of heat liberation required with the desired furnace 
atmosphere. 

Town’s gas is perhaps the most suitable of all fuels 
for application to heat-treatment furnaces by virtue 


*Article based by the author on his lecture given at 
the Birmingham College of Advanced Technology last 
January in the series ‘Modern developments in the 
theory and practice of steel heat treatment.’ The author 
is with the National Industrial Fuel Efficiency Service. 
Articles based on other lectures in the series will be 
published in future issues of METAL TREATMENT. 


of its consistency of quality, constancy of supply 
and ease of control. Its high purity renders it par- 
ticularly useful for special applications where sul- 
phur would be injurious. The relatively high price 
of this fuel can often be offset by reduced main- 
tenance costs, extended refractory life and increased 
furnace availability. 

Liquid fuels Liquid fuels used for heat treatment 
are gas oil, light and heavy fuel oils and coal tar 
fuels. These fuels have many of the advantages 
associated with gaseous fuels, and with the excep- 
tion of producer gas the relative cost per therm is 
considerably cheaper. 

Smokeless combustion of liquid fuels cannot be 
achieved without an excess of air and this makes it 
difficult to obtain the reducing atmospheres some- 
times required in practice. From the metallurgical 
aspect the high sulphur couitent of liquid fuels must 
be taken into consideration, as this may have a 
deleterious effect on the work. 

Electricity A wide variety of electric batch and 
continuous furnaces are used for steel heat treat- 
ment. They are specially suitable for certain low- 
temperature applications and fans are often in- 
corporated in the design in order to improve rate of 
heating and uniformity of temperature. 

The only factors affecting efficiency in electric 
furnaces are heat-transfer rates, furnace insulation 
and loading. All other matters regarding excess air, 
preheating, waste-heat recovery, etc., do not apply 
because there is no positive gas flow. 

Typical characteristics of fuels normally used in 
heat-treatment practice are given in table |. 
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General principles of combustion and the 
heating values of fuels 

Combustion The chief constituents of solid, 
gaseous and liquid fuels are carbon and hydrogen, 
which are present either as elements or in chemical 
combination with each other or with sulphur or 
oxygen. 

During combustion, carbon, hydrogen, carbon 
monoxide and hydrocarbons chemically combine 
with the oxygen in the air and the resultant products 
of complete combustion are carbon dioxide (CO,) 
and water vapour (H,O); heat is always generated 
during the process. 

Since combustion cannot be effected without air, 
and air is composed approximately of one-fifth 
oxygen and four-fifths nitrogen, the products of 
combustion are always accompanied by large quan- 
tities of nitrogen. Nitrogen plays no part in the 
combustion process and is a diluent. 

Optimum combustion efficiency is achieved when 
the fuel is completely burnt with the minimum 
amount of air. If there is a deficiency of air, the 
carbon in the fuel is incompletely burnt to form 
carbon monoxide and a considerable amount of 
potential heat in the fuel is lost. 

Excess air In practice it is difficult to obtain com- 
plete combustion unless more than the amount of 
air theoretically required is used. This is due to the 
difficulty of bringing the oxygen in the air into 
intimate contact with the fuel during the compara- 
tively short time it remains in the furnace. 

Normally gaseous fuels can be burnt efficiently 
with very little excess air. With liquid fuels excess 
air requirements are in the order of 20/30°,, and 
for solid fuels an excess of 50°, is needed. 

If air in excess of the normal requirements is used 
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to burn the fuel, efficiency will be lowered and 
wastage occurs, because this excess will be heated 
and carried away as additional sensible heat in the 
waste gases. This effect of excess air on amount of 
heat carried away in the waste gases is illustrated 
in the graphs shown in figs. 1 and 2. From the 
radiating lines of flue-gas temperature shown the 
percentage of the total heat in the fuel that is lost can 
be read against varying percentages of excess air. 
Curves showing the percentage of CO, correspond- 
ing to various percentages of excess air are also 
given. In addition, excess air reduces flame tem- 
perature and adversely affects heat transfer. Con- 
sequently, the amount of air used should always be 
the smallest quantity that will enable the fuel to be 
properly burned in the prevailing conditions. 
























































Taste 1 Typical. characteristics of fuels used in heat-treatment furnaces 
wy Town’s Producer Fuel oil, C.T.F. Bituminous 
gas gas 200 secs. 200 coal Coke 
Calorific Gress B.Th.U 475 cu. ft 163/cu. ft 18,900 Ib. 16,250/Ib 11,100 Ib 12,500 Ib 
value Net B.Th.U. 428 cu. ft. 150 cu. ft 17,740 Ib. 15,900 Ib. 10,500 Ib. 12,400 Ib 
Air for theoretical com- 
bustion, cuhic.det 4-06 cu. ft. 28/cu. ft 184 Ib 163 Ib. 131 Ib. 134 Ib. 
Products of theoretical com- 
bustion, cubic feet 4-74/cu. ft. | 2-07 cu. ft 196 Ib 170 Ib. 138 Ib. 135 Ib. 
Maximum theoretical CO, 
content of dry waste gases, 
13-3 19-2 15-9 17-6 18-4 20-5 
Excess air in good prac- 
tice, ‘ ; ae 10 10 20 20 50 50 
Products of combustion, 
cubic feet 5-15/cu. ft 2-19 cu. ft 233 Ib. 203 Ib. 183 Ib 201 ‘Ib. 
Average CO, content of dry 
waste gases, “F . 11-9 17-9 13-2 14-6 12-1 13-4 
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2 Effects of excess air on amount of heat carried away in 
waste gases at various temperatures 


Table 2 shows the effect of excess air on flame 
temperature. 


The nature of flame Flame is the effect produced 
when fuel gases and air are brought together under 
suitable conditions for them to burn. 


The character of the heat transmission from the 
flame is dependent on the type of fuel used and the 
manner in which the fuel and air are mixed. For 
instance, flames may be shortened by more intimate 
mixing, or by increasing the proportion of air. 
Conversely, by delaying mixing or reducing the 
proportion of air present, flames can be lengthened. 

The shape of the flame can be of great practical 
importance. For example, the heating characters of 
a long lazy luminous flame will be very different 
from the short flame produced by an air-blast 
burner. 


With a luminous flame the degree of radiation to 
the furnace walls and load is increased considerably 
and this can often result in quicker heating up times 
and improved temperature uniformity. Also, as the 
volume of the flame is increased for a particular 
rate of fuel flow, the heat release per given volume 
of flame and its temperature is reduced. 

The furnace controls should always be set to give 
the shape of flame most suitable to obtain the desired 
effect of excess air on flame 


TaBLeE 2 Approximate 


temperature 





Flame temperature (°C. 








Excess air 
Fuel oil Town’s gas 
Nil 2,080 1,950 
20 1,870 1,850 
40 1,700 1,700 
60 1,570 1,550 
80 1,450 1,430 
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temperature distribution in all parts of the heating 
chamber. 

Calorific value of fuels It has been explained that 
heat is liberated during the combustion process. 

The amount of heat made available by the com- 
plete combustion of a fuel is known as its calorific 
value (C.V.) and this depends on its chemical com- 
position and in particular the amount of carbon and 
hydrogen present. 

The C.V. is expressed as British Thermal Units 
(B.Th.U.) unit of fuel and normally the values are 
quoted either on a gross or net basis. The gross or 
higher C.V. represents the number of B.Th.U. 
developed by the complete combustion of the fuel 
and includes the latent heat given up by condensa- 
tion of the water vapour present in the combustion 
products. In furnace practice condensation never 
occurs and the latent heat is lost. Thus the lower 
or net C.V. is obtained by deducting from the gross 
C.V. the latent heat absorbed by the formation of 
steam during combustion. 

When heating values of various fuels are being 
compared, or when figures of thermal efficiencies 
are given, it is important to know whether they have 
been based on net or gross C.V. 


FACTORS INFLUENCING THE 
EFFICIENCY OF HEAT-TREATMENT 
FURNACES 

Design considerations 

A furnace consists of a refractory-lined heating 
chamber in which the heat liberated by combustion 
is transmitted to the charge, a firing system, and an 
exhaust system through which the products of 
combustion are discharged. If solid fuel is the 
heating medium, an external brick-lined combustion 
chamber is required. 

It is of primary importance that the designed 
capacity of the furnace is closely related to the 
required output, since one of the main causes of 
heat loss lies in incompletely filled furnaces. 

The shape of the furnace chamber is also of vital 
importance and this should be so designed to permit 
the maximum amount of radiation to be trans- 
mitted to the work by the hot furnace-surfaces. 

The number, size and disposition of the burners 
require careful attention if rapid attainment of 
required temperature and uniformity of heating is to 
be achieved without flame impingement. The size 
and number of flue offtakes is equally important, and 
they should be located relative to burner positions 
to give a satisfactory hot gas flow pattern and to 
ensure optimum travel of the gases before their final 
discharge to atmosphere. 

Special attention should be given to the design of 
the furnace door, for a badly designed door is in- 
evitably a source of considerable heat loss. For 
example, a badly fitting door on a furnace having a 
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gap | in. wide and 24 in. long along its top edge will 
give a heat loss of approximately 200,000 B.Th.U. h. 
due to escaping gases if the furnace is operating at 
1,000 C. under normal pressure conditions. 

Ideally an automatic closing force should be 
applied to a door and a simple method of achieving 
this is to allow the door to rise and fall on an 
inclined face. 


Construction 


The design of the furnace structural steel frame- 
work must be based on sound mechanical principles. 
Robustness is essential, for breakdowns or delays 
caused by steelwork having insufficient strength 
may well result in serious production losses and fuel 
wastage. 

Che choice and use of the most suitable type of 
refractory and insulating material in the brickwork 
construction of the furnace has a vital influence on 
fuel economy. Before deciding on the type of bricks 
that should be employed careful consideration 
should be given to the following points: 


a) The maximum temperature to which the 
brick will be subjected. 

b) The physical conditions under which the 
brick will be used. 

c) The relative heat conductivity of the various 
bricks under consideration. 


TABLE 3 


Max. service 


Type of material temperature 


Firebrick, 42-44°,, alumina 1 ,350-1,450 
Firebrick, 35-37°,, alumina 1,250~1,350 
Firebrick, 30-32"., alumina 1,150-—1,250 
Sillimanite 1,500—1,600 


Carborundum 1,700—1,800 


Hot-face insulation, high grade 1,530 
Hot-face insulation 1,350 
Diatomaceous earth, insulation — __ 870 


* These temperatures vary with different manufacturers 


Typical data for refractory and insulating materials 


d) Whether the bricks will be subjected to con- 
tinuous or intermittent heating. 


e) The expansion that is likely to occur with 
various bricks when heated. 


f) The probable life of the bricks for the par- 
ticular duty required. 


g) The comparative costs of the various bricks 
relative to the anticipated life. 


Table 3 gives details of common materials, maxi- 
mum service temperature, thermal conductivity, etc. 
It is important to remember that figures quoted are 
subject to variation according to the manufacturer. 


The incorporation of insulating brickwork into the 
brickwork construction to a maximum extent is 
essential if heat losses from outside surfaces are to 
be reduced to a minimum. The usual practice is to 
back the dense firebrick internal chamber with in- 
sulating material of sufficient thickness. 

With intermittently-operated heat-treatment fur- 
naces efficiency is greatly influenced by the thermal 
capacity of the brickwork structure. For this reason 
hot face refractory insulation is now being widely 
used. This type of brick has a much lower bulk 
density than firebrick and as a result of the lower 
thermal capacity of the material and a reduced 
thermal conductivity figure, i.e. 2-7 B.Th.U. sq. ft. 
h. F. in. compared with a figure of 8 for firebrick, 


commonly used tn steel heat-treatment furnaces 





hermal Approx. costs of 
conductivity Bulk density 9 « 4) 3-in. 
B.Th.U./sq. ft. h Ib. cu. ft bricks 
F. in Stourbridge 1) 
10-0 120-140 1-2 
10-0 120-130 1-07 
8-0 120—130 1-0 
12-0 150~-156 10-0 
112-0 130-155 28-0 
3-15 32-55 4-65 
2-7 32-50 2:87 
1-1 25-30 1:2 


+ These values vary with the mean temperature 
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considerable fuel economies can be usually achieved 
by its use. 

Fig. 3 shows heat losses and temperature gradients 
in various types of wall and table 4 gives the 
thermal capacity and heat losses through different 
wall constructions under continuous and inter- 
mittent operation. 


Types of heat-treatment furnaces 

In selecting a furnace for heat-treatment purposes 
many important considerations have to be taken 
into account if optimum thermal efficiency is to be 
achieved. Method of loading, method of firing, 
temperature requirements, time cycles involved and 
any special metallurgical requirements are of 
primary importance when deciding on the most 
suitable type. 

Furnaces are classified normally according to their 
methods of firing or loading, relationship of com- 
bustion products to the load or the time cycles 
involved. Often in practice furnaces can be classified 
under at least two headings. The following brief 
notes cover the classification of the majority of 
furnaces in use today: 

1 Batch type In this type of furnace operation is 
intermittent and the load is withdrawn on com- 
pletion of the heating cycle. The furnace idling 
times between loads must be kept to a minimum if 
excessive fuel wastage is to be avoided. 

When furnaces are shut down for overnight or 
weekends the heat absorbed by the structure is a 
significant factor, for this is dissipated and lost 
when shut-down occurs. 

2 Continuous As the term implies, in this furnace 
the load is progressively transported through the 
length of the furnace in accordance with the desired 
time temperature cycle. 

Generally thermal efficiencies are higher than with 
the batch type. This is due to reduced idling times, 
load recuperation and improved load factor. 
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3 Muffle With this type of furnace the load is 
heated in a separate refractory chamber known as a 
muffle. The products of combustion circulate 
around the muffle, but are prevented from coming 
into contact with the work. Controlled atmospheres 
can be introduced into the muffle to meet special 
metallurgical requirements. 

Although muffles are generaily constructed from 
highly-conductive material, thermal efficiencies are 
lower than with open flame furnaces. 

In modern practice heat-resistant radiant tubes 
are often fitted into the working chamber. Com- 
bustion is completed within these tubes and here 
again the products do not come into contact with 
the load. 

With the semi-muffle type of furnace a com- 
promise has been made and the products of com- 
bustion are made to travel a reasonable distance 
before they are allowed to enter towards the top of 
the working chamber. By this method flame im- 
pingement is avoided and normally improved 
efficiency can be expected 

4 Open-fired In this type of furnace the products 
are discharged directly into the working chamber 
and come in contact with the load. This type is often 
further classified according to the method of firing, 
1.e. under-fired, side-fired or over-fired. Compared 
with a muffle, efficiency is higher with this type of 
furnace. 

5 Bogie-hearth This is favoured for heavy masses 
and can be applied to either batch or continuous 
furnaces. The load to be heated is placed on the 
bogie, moved into the setting and withdrawn at the 
end of the cycle. 

6 Portable-cover This consists essentially of a 
base containing a loading hearth, and a refractory- 
lined hood, which when lowered on to the base 
forms the heating chamber. 

The accessibility of the base for loading and 
unloading is a very desirable feature of the design. 


‘TABLE 4 Thermal capacity and heat losses through vairous wall constructions from a furnace at 1,000°C. and having 40 sq 
ft. of internal surface area and operating over a five-day weekly period (a) continuously, (b) intermittently 


Continuous operation 








120 h. week 
Wall construction 
9-in. 9-in 
firebrick hot face 
Heat loss through brickwork, 
therms week . 61-0 22-58 
Heat storage loss after shut- 
down, therms week 10-0 3-26 
Total heat loss, therms week 71-0 25-82 
reduction in heat losses by 
using insulation _ = 63-5 


Intermittent operation 

12 h. day 5 days/week 

4}-in. hot face 4}-in. hot face 
4}-in 9-in 9-in 4\-in 


diatomaceous firebrick hot face diatomaceous 
insulation insulation 
13-68 10-5 11-3 6-84 
3.38 50-0 16:3 16-9 
17-06 K ) 23-74 
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The provision of an additional base can give a 
much more higher output at a lower cost, since the 
warm hood can be lowered on the base containing 
the fresh charge. 

7 High-temperature heat-treatment This furnace 
is suitable for hardening tools of high-speed steel 
and normally consists of an upper preheating 
chamber and a lower finishing chamber. The waste 
gases from the lower chamber are used in the upper 
chamber for the purpose of preheating the work. If 
correctly used this furnace has high efficiency. 

8 Salt baths These can be fired by either gas or 
electricity. When gas fired a preheating pot is often 
included in the plant in which the work is pre- 
heated by the waste gases prior to its immersion into 
the salt. 

Work treated in salt baths has a clean, bright 
and scale-free finish and the constant temperature 
maintained in the bath gives accurate and uniform 
results. 

Due to the corrosive nature of the salt, main- 
tenance work on the burner equipment and bath 
must be regularly carried out. 


Selection of burner equipment 

As the majority of heat-treatment furnaces are 
now heated by town’s gas or oil, consideration is only 
given under this heading to the burner systems 
utilized for these fuels. 

A burner may be regarded as a means of con- 
verting the potential energy of the fuel into useful 
heat. The selection of the most suitable type at the 
correct capacity is of primary importance if maxi- 
mum efficiency is to be obtained. Over-sized 
burners can result in ‘ over-gassing * and incomplete 
combustion, smoke emission and excessive fuel 
consumption. 

The number of burners to be used and their dis- 
position in any particular furnace is also important 
in ensuring temperature uniformity in the working 
chamber. 

Generally to be efficient a burner should have the 
following characteristics: 

a) It should be capable of regulation over a wide 
turn-down range without danger of flash- 
back. 

6) Flame stability at the burner nozzle should be 
satisfactory over the stipulated turn-down 
range. 

(c) It should ensure intimate mixing of the fuel 
and air to give rapid and complete com- 
bustion. 

d) It should be capable of easy adjustment so that 
the desired furnace atmosphere can be 
obtained. 

(e) It should be constructed so that routine 
maintenance can be easily undertaken. 
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Brief notes on the various types of burners usually 
employed for heat-treatment work are given. 


Gas-burner systems 

Gas burners are generally of simple construction 
and easy to maintain and adjust. Efficiency is 
increased if gas pressure remains constant and the 
installation of a governor on the gas line is always 
recommended. 

The burners are classified as follows: 

1 Neat or post-aerated All the combustion air in 
this system is supplied as secondary air. 

This burner is simple in design, consisting 
essentially of a jet from which gas is ejected. It is 
capable of giving high rates of heat input and a 
very good turn-down range can be obtained. 

Flame impingement on to cold surfaces must be 
avoided, otherwise sooting and incomplete com- 
bustion will occur. It has wide application on heat- 
treatment furnaces. 

2 Pre-aerated or Bunsen With this system a pro- 
portion of the combustion air is entrained with the 
gas as primary air. The remaining secondary air is 
supplied at the burner head. 

These burners are used extensively for heat- 
treatment purposes and are available in sizes up to 
600 cu. ft. h. 

Care must be taken when setting the primary air 
slide on this type, for it is liable to backfire on low 
consumptions if this is opened too much. 

3 High-pressure Generally these burners operate 
at a gas pressure of 1-5 lb. sq. in. and the air for 
combustion is usually supplied in the form of 
secondary air. 

The application of this type of burner to heat- 
treatment furnaces is small, the chief disadvantage 
being the initial and running costs of the compressor. 

4 Air-blast In this type of burner the air is used 
to entrain the gas. The air pressure does not 
normally exceed 2 Ib. sq. in. 

The advantage of this system is that air and gas 
can be proportioned to give satisfactory air gas ratios. 
The high velocity obtained from this burner necessi- 
tates the use of a burner tunnel or a flame-retention 
nozzle to prevent the flame from leaving the burner 
port. 

It has a wide application on all types of heat- 
treatment furnaces. 


Oil burner system 

In burning liquid fuels it is essential that the oil 
be delivered to the burner at the correct viscosity for 
atomization, 1.e. 100 secs. Redwood No. 1, and at a 
suitable pressure for any particular application. 

Oil burners are usually classified according to the 
atomizing medium and the types normally used in 
heat-treatment practice are as follows: 

1 Low-pressure air These burners are designed 
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to work at air pressures of between 12 and 28 in. 
w.g. and are supplied with air from a single-stage 
fan. The oil pressure required is usually about 
5 Ib. sq. in. 

This type of burner is used extensively on heat- 
treatment furnaces where the primary air is not 
heated above 500°F. It is reliable and efficient, but 
its turn down range is rather limited. 

2 Medium-pressure air These are supplied with 
air from a rotary-type compressor at pressures 
between 2 and 15 1b. sq. in. Only a small proportion 
of the combustion air is supplied at this pressure 
for atomizing the oil (usually about 5°), the 
remainder being induced or supplied by a fan at a 
pressure of a few inches w.g. 

With this arrangement a high turn-down ratio 
can be achieved without loss of combustion effici- 
ency. A further advantage is that the bulk of the 
combustion air can be preheated to as high a tem- 
perature as possible. 

3 High-pressure air Air pressure in excess of 15 
lb. sq. in. is required for these burners and this 
necessitates the use of a compressor which is costly 
to install and operate. 

As with the medium-pressure air burner, about 
5°, of the high-pressure air is used for atomization 
and the remaining is either induced or provided by 
a fan. 

The burner is normally of simple design and it is 
used where a high velocity is needed to give the 
desired flame length or shape. 

A burner that is now being increasingly used on 
heat-treatment furnaces is the self-proportioning 
type. These can be utilized with either oil or town’s 
gas and in either case combustion air at pressure 
between 12 and 28 in. w.g. is employed. 

The burner is regulated by a single control and 
once the air/fuel ratio has been set the output of 
the burner can be altered by moving the single lever 
control. Thus a satisfactory air/fuel ratio is obtained 
over an approximate turn-down range of 5 : 1 and 
combustion efficiency is maintained. 


Operation 

Control of heat input The rate of heating is an 
important factor in most heat-treatment operations, 
and the fuel and air supplies should be regulated to 
match the time temperature requirements. Thus 
the control valves should be capable of easy 
regulation. 

Too slow heating increases furnace losses; too 
fast heating can result in incomplete combustion, 
excessive furnace pressure and high flue gas loss. 

Combustion control To achieve optimum com- 
bustion efficiency it is essential to burn the fuel with 
the minimum amount of excess air. 

The adverse effect on combustion and furnace 
atmosphere control of too much air and the loss of 
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heat that occurs through air deficiency has been 
previously discussed. 

It cannot be too highly stressed that unless special 
furnace chamber atmospheres are required every 
endeavour should be made to maintain satisfactory 
air fuel ratios over all stages of operation by careful 
adjustment of fuel and air controls. 

Combustion efficiency can always be checked by 
analysing the waste gases with an Orsat apparatus 
or CO, indicator. This will indicate the CO, content 
in the waste gases and be a guide to the quantity of 
air being used. 

Furnace pressure For ideal conditions the pressure 
in the working chamber must be at atmospheric, or 
only very slightly in excess of atmospheric, at all 
rates of heating. Negative pressure conditions per- 
mit the inleakage of cold air, which cools the furnace, 
creates cold spots, increases waste gas losses and 
drastically affects furnace atmosphere conditions. 
Excessive pressure may retard combustion develop- 
ment and will increase losses by flame and hot gas 
emission through the door and openings. 

Balanced pressure conditions can be maintained 
by careful adjustment of flue dampers. The function 
of a damper is to regulate the draught requirements 
for the various rates of heat input. 

Correct regulation of the damper is of extreme 
importance if efficient fuel utilization is to be 
achieved, but it is often the most neglected part of 
the furnace and its maladjustment is frequently the 
cause of considerable fuel wastage. 

In practice, manual operation of the damper to 
meet the changing requirements of the heating 
operation is difficult. This is particularly so with 
oil- and gas-fired furnaces which operate under 
high low conditions. 

Temperature control With almost any heat-treat- 
ment furnace the maintenance of a close time 
temperature control is essential to bring about the 
required physical changes in the steel. 

In a simple form this may merely mean the pro- 
vision of an indicating pyrometer for the operator’s 
guidance. He would then have to make frequent 
adjustments to the fuel input to obtain the desired 
heating cycle and temperature uniformity. 

Apart from a serious effect on work quality, over- 
heating means fuel wastage. Comparatively few 
heat-treatment furnaces operate nowadays without 
adequate temperature control equipment. 


Instrumentation 
Instrumentation is being used to an increasing 
degree on heat-treatment furnaces for the following 
reasons: 
(a) To ensure that the desired time temperature 
cycle is achieved. 
(6) To ensure that the required furnace atmo- 
sphere is maintained. 
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(c) To ensure that the fuel is used economically. 

Briefly, instruments and control equipment used 
fall under three headings: 

1 Automatic temperature control The close control 
of the time cycle and temperature conditions is 
almost a necessity in modern steel heat-treatment 
practice. 

The temperature controller adjusts the rate of heat 
input to meet temperature requirements through an 
automatic controller. Alternatively, where heating 
or cooling rates are important, an automatic pro- 
gramme controller can be used to control the furnace 
to a predetermined time/temperature schedule. 
Thus once the load has been charged into the 
furnace, heating up, soaking and cooling is auto- 
matically controlled. 

2 Air fuel ratio controller The air/fuel ratio con- 
troller maintains optimum combustion conditions 
through all rates of heating. Also where special 
atmospheres are required the controller can be set 
to give a predetermined air/fuel ratio as necessitated 
by the process requirements. Normally this type of 
controller is not installed on the smaller type of 
heat-treatment furnace. 

3 Furnace pressure controller The object of the 
furnace pressure controller is to maintain the work- 
ing chamber pressure as near to atmospheric as 
possible, so that hot gas losses due to excess pressure, 
and air inleakage due to negative pressure, can be 
kept to an absolute minimum. 

With larger furnaces control is usually effected by 
automatic regulation of the main damper at the 
furnace waste-gas outlet. In practice, best results are 
generally obtained when the furnace operates with 
a slight positive pressure in the order of -+0-01 in. 
w.g. in the working chamber. 

On the smaller type of furnace the installation of a 
pressure controller cannot always be justified due 
to the capital cost involved. In this case a simple 
form of pressure control can be achieved by linking 
the damper to the temperature controller, which for 
this purpose should consist of a motorized valve. 
The damper is then open or shut according to the 
high low dictation of the controller. 

Where large quantities of fuel are used consider- 
able economies can be expected from the use of a 
furnace pressure controller and capital outlay is 
normally speedily recovered. 


Furnace loading 

One of the most vital factors affecting efficiency 
is loading. There is a particular loading at which 
the furnace will operate at maximum thermal 
efficiency. If the furnace is underloaded a smaller 
fraction of the available heat in the chamber will be 
taken up by the steel and therefore efficiency will be 
low. 

The best method of loading is generally obtained 
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by trial—noting the weight of material put in at 
each charge, the time it takes to reach temperature 
and the fuel used. Every endeavour should then 
be made to load furnace at the rate associated with 
optimum efficiency. 

The fuel consumption to maintain a simple batch- 
type furnace at 1,000°C. when empty is in the order 
of 60°, of that required to operate at maximum 
loading rate, i.e. the ‘ no load ’ consumption is 60°. 

If we assume that the loading rate of such a fur- 
nace could be doubled to achieve optimum con- 
ditions, the fuel consumption ton of steel would be 
reduced by approximately 37°, and, of course, pre- 
duction would be increased by 100°,,. 

The disposition of the load in the furnace is also 
of importance and it should be so arranged that: 

(a) It receives maximum amount of radiation 
from the hot surfaces of the heating 
chamber. 

(b) The hot gases are efficiently circulated around 
the heat-receiving surfaces. 

Another factor that adversely affects efficiency is 

‘ idling times.’ This should be reduced to a mini- 
mum by careful planning of furnace utilization and 
by ensuring speedy charging and withdrawal of the 
load. 


Maintenance 

To ensure that heat-treatment furnaces continue 
to operate at maximum efficiency, adequate main- 
tenance work must be regularly undertaken. 

The most satisfactory way of keeping the plant in 
first-class condition is to have a planned main- 
tenance routine to cover the whole of the plant. 

Among the items that should receive periodic 
checks are the following: 

1. BURNER EQUIPMENT Burners should be kept 
clean and in good repair. Nozzles should be in 
good condition and free from obstruction, such as 
carbon build-up. Oil burners need particular atten- 
tion in this respect and oil preheat temperatures 
should be regularly checked to ensure that the oil 
is at the right viscosity at the burners. 

Fuel and air supplies should be maintained at the 
correct pressures at the burners. Control valves 
should be easy to manipulate and in a good state of 
repair. 

Burner positions and angle of firing should be 
periodically examined. Incorrect burner alignment 
often causes flame impingement on refractories and 
load, resulting in flame chilling and incomplete 
combustion. 

2. FURNACE BRICKWORK Worn brickwork can be 
an important source of thermal loss. Furnace brick- 
work should be maintained in first-class order to 
reduce radiation losses and to prevent air infiltration 
or hot gas emission through cracks or holes. Hearth 
should be kept clean and scale build-up prevented. 
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(i) Burner ports and quarls These should be kept 
in good condition to prevent interference with com- 
bustion and flame shape. 

(ii) Dampers and flueways Dampers should be 
free and in good working order and not subject to 
inleakage of air. 

Flueways should be regularly inspected and any 
obstruction removed. 

(iii) Furnace doors These can be a prolific source 
of heat loss and special attention should be given to 
the sealing of the doors. 

(iv) Sand seals Sand seals on bogie-type furnaces 
should always be properly filled to prevent air in- 
filtration or the outflow of hot gas, which may cause 
damage to bogie undercarriage. 


Operational checks 

Whenever possible periodic checks should be 
made to ascertain combustion efficiency. These 
should include analysis of the gases in the working 
chamber and flue offtakes to determine the CO, 
content and the measurement of draught con- 
ditions. Any loss of efficiency would be indicated 
by the readings obtained and appropriate steps 
could then be taken to effect an improvement. 

Record keeping One of the best checks on the 
working of a furnace is to determine and record at 
regular intervals the amount of fuel used unit of 
output. Comparison of any given week’s per- 
formance with that of preceding weeks is a valuable 
check of furnace efficiency. Any falling off in per- 
formance should be investigated and the aim should 
be to continuously improve on past records. 


Waste heat recovery 

The chief loss of heat which occurs from a heat- 
treatment furnace is that which is carried away as 
sensible heat in the waste gases. The extent of this 
loss depends on the working temperature of the 
furnace and the composition of the waste gases. 

By recovering and utilizing some of this waste 
heat a substantial saving in fuel costs can be 
achieved. The methods used for recovering this 
heat are: 

(a) By preheating the combustion air through 

heat exchanger. 

(6) By preheating the load before it enters the 
working chamber. This is termed load 
recuperation. 

(c) By using it for steam raising, water heating, 
space heating, etc. 

Combustion air preheat The abstraction of heat 
from the waste gases and its transfer to the com- 
bustion air is carried out by a recuperator. 

Recuperators used for this purpose are usually 
simple in design and units have been constructed 
to provide preheated air at a temperature in the 
order of 200°C. from an operating temperature of 
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800°C. This is equivalent to a fuel saving of 
approximately 10°. 

Fig. 4 shows the percentage of heat that is 
returned to the furnace by using various degrees of 
air preheat. 

Load recuperation In this case waste heat is 
utilized for preheating the cold load before it enters 
the heating chamber. This is done by inserting the 
load in the first place into a preheating chamber, 
or by use of a continuous furnace. In the latter 
case the load travels in the opposite direction to 
the waste gases and thus a considerable quantity of 
heat is transferred to the incoming material and 
thermal efficiency may be as high as 60°. This 
compares with 20-40", efficiency in a batch-type 
furnace. 

Application of waste heat for other purposes 
Providing scope exists, considerable fuel savings 
can be made by using waste heat for steam raising, 
space heating, drying, etc. 

Before its application for these purposes, however, 
it is essential to know if the quantity of waste heat 
from furnace or furnaces will be sufficient to meet 
the demand and the times of its availability. 

The capital costs involved in recovering waste 
heat and distributing it to its point of application 
must be fully considered. Generally, if capital 
expenditure is not recovered in three to four years 
by the fuel savings achieved, it is not considered to 
be an economic proposition. 


Conclusions 
From the foregoing notes it will be appreciated 
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that the achievement of optimum furnace efficiency 
is dependent on many factors. 

The basic principles of economic furnace per- 
formance are good design with the incorporation to 
a maximum extent of insulating brickwork, maxi- 
mum combustion and operating efficiency, instru- 
mentation, regular maintenance, recovery of waste 
heat whenever possible, and optimum loading. It 
has been emphasized that one of the major causes of 
inefficiency is the failure to ensure maximum utiliza- 
tion of the furnace capacity. 

By careful attention to the items mentioned, fur- 
nace efficiencies can often be greatly increased and 
fuel savings achieved. The extent of these savings 
varies considerably, but experience shows that on 
average the figure lies between 20 and 30 


Automatic carburizing 
at Standard-Triumph 


A MODERNIZATION SCHEME to provide fully auto- 
matic control of carburizing and carbo-nitriding 
furnaces has been completed by the Standard- 
Triumph organization at their Fletchamstead and 
Radford works, Coventry. The scheme uses the 
endothermic-gas technique. 

Main shafts, gear wheels, pinions, differentials, 
cluster gears and similar parts require careful 
hardening if their dimensions and properties are 
not to suffer. Using the new scheme, the company 
finds that certain gear wheels are retaining their 
dimensions to some 0-004 in. accuracy and have a 
surface finish after nitriding that makes them 
suitable for assembly direct into vehicle gear 
boxes. Both factories incorporate precisely con- 
trolled quenching after treatment; at Fletchamstead 
the quenching is embodied in the furnaces and at 
Radford press-quenching is a separate operation. 


Fletchamstead 


There are four single-zone Wild-Barfield fur- 
naces at Fletchamstead with carburizing and 
stabilizing time controlled by four sets of instru- 
ments on a large panel. A Honeywell electronic 
strip chart recorder-controller inter-operates with 
two process timers which reset themselves after 
completion of the cycle. Carburizing normally 
takes place at about 940°C. and carbo-nitriding at 
around 815°C. Each set of instrumentation in- 
cludes a section housing manual controls for the 
ammonia, propane and air producing the endo- 
thermic gas. There are also Pyr-O-Vane instru- 
ments by Honeywell which indicate and cut off 
fuel flow under excess temperature conditions, 
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similar instruments safeguarding the gas generator 
elsewhere. 

The panel also includes Honeywell controllers 
for two 160°C. tempering furnaces. A separate 
recorder-controller keeps oil supply temperature 
constantly at 55°C. to within 1°C., and during 
quenching, a Burrell process timer on each furnace 
keeps the oil temperature steady. 

Dewpoint control is provided by 
Yoxall circular chart controllers. 


Foxboro- 


Radford 85 ft. panel 


Automation of a different kind is provided on 
two G.W.B. three-zone carburizing furnaces at 
Radford, where an 85 ft. panel includes both 
automatic and push-button control. The automatic 
control for each furnace is provided by three 
Honeywell circular scale controllers, one per zone, 
and a permanent record is given on a multipoint 
strip chart recorder alongside. Zone temperatures 
are respectively in the region of 820, 840 and 920°C. 
A further two Honeywell recorders give tempering 
furnace temperatures and quench temperatures. 
Quenching take place on Gleason presses, the 
moment of quench being determined by Honeywell 
contact controllers which start the quenching cycle 
when the work-piece temperature falls to a given 
level, as detected by a Radiamatic radiation 
pyrometer. 

Control of the endothermic gas temperature of 
1,040°C. is obtained to a closeness of + 2°C. by a 
controller from the same supplier. Dewpoint is 
controlled by Foxboro-Yoxall instruments as at 
the other factory. 


Trade associations and public relations 


‘A function of a trade association which has grown 
in importance in recent years is that of public relations. 
This covers relations with the Government and the 
nationalized industries as well as the formation of public 
opinion. The standing and goodwill of an industry are of 
vital importance to all its constituent firms and the 
establishment of good public relations must, therefore, be 
a primary duty of a trade association.’ This was said by 
Mr. Stanley F. Steward, C.B.£., M.I.PROD.E., director of 
the British Electrical and Allied Manufacturers Associa- 
tion, when presenting a paper on ‘British Electrical 
Manufacture in the National Economy’ to the British 
Electrical Power Convention, at Eastbourne recently. 





The trade association provided an essential channel of 
contact, information and, most important from the 
industry’s point of view, interpretation. At the same time 
the trade associations were of benefit to the Government 
itself firstly, as an informed and informal point of contact 
on industrial matters and, secondly, as a representative 
and informal channel of communication with industry. 
In fact, it was difficult to see how Government policy 
could be effectively transmitted in the business sphere 
under modern conditions without the service and help it 
got from trade associations. 
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Precipitation in low-carbon steel under 


cyclic loading 


Doc. Ing. MIRKO KLESNIL and Doc. Dr. Ing. PREMYSL RYS 


After briefly reviewing previous work in the field, the authors describe thew 


investigation of the mechanical constants and the changes in the structure of the 
solid solution of carbon in alpha iron in the equilibrium and supersaturated states 


using two low-carbon steels. 


Listy’, 1961 (8). 


The original publication of this work was in ‘Hutnické 


The authors are at Ceskoslovenskd Akademie Ved, Laborator 


pro studium vlastnosti kovu, Brno, Czechoslovakia 


IN IRON-CARBON ALLOYS, carbon and nitrogen form 
an interstitial solid solution in the alpha iron. 
Since the solubility of both these elements falls 
with decreasing temperature, conditions are favour- 
able for the formation of a supersaturated solid 
solution and its breakdown through precipitation. 
The presence of relatively small quantities of inter- 
stitial elements in the solid solution of alpha iron 
has a considerable influence on the mechanical 
properties of the steel during static loading; 
through their presence it is possible to explain, 
for instance, the marked yield point,':* blue 
brittleness, and various types of ageing as a mani- 
festation of simple and combined hardening.*: ‘ 
The properties indicated, whose essence lies in 
the manner of distribution of the interstitial ele- 
ments and in their interaction with the dislocations, 
are well known and do not require more detailed 
explanation. 

During oscillating loading, Fe-Cr alloys display 
certain characteristic features, which can also be 
ascribed to the action of the atoms of interstitial 
elements which are present. On a Wohler fatigue 
curve, alloys of this type have a characteristic dis- 
continuity, which determines the fatigue limit, and 
is manifested after a number of cycles of 10°10’. 
Pure metals and substitutional solid solutions have, 
on the contrary, a continuous form of Wohler 
curve, and the stress amplitude, at which break- 
down of the cohesion takes place, falls steadily 
with the increase in the number of load cycles. 

For evidence that the anomaly on the Wohler 
curve of Fe-C alloys is brought about by the 
presence of atoms of carbon and nitrogen, Lipsitt 
and Horne® carried out a series of experiments 
with low-carbon steel with a yield point of 26-3 


kp./mm.*, and a fatigue limit in tension-com- 
pression of 19-7 kp./mm.* Part of the specimens 
were annealed at 940°C. for a period of 100 hours 
in an atmosphere of moist hydrogen. After this 
heat treatment, the carbon content fell to 0-003- 
0-005°,, and the nitrogen content to 0-00018”%,,. 
The yield point dropped to 8-5 kp./mm.* and the 
fatigue limit to 12-6 kp./mm.* At the same time 
the marked discontinuity on the Wéohler curve 
vanished, and to the extent that it remained very 
slightly visible, was displaced towards the range of 
a higher number of load cycles. 

It may be judged that the fatigue limit of Fe-C 
alloys occupies a similar place in the sphere of 
alternating loads as the yield point during static 
loading, and is brought about by the diffusion of 
interstitial atoms and their interaction with the 
dislocations. This opinion is also confirmed by 
further examples. 

One of the marked factors manifested in Fe-C 
alloys consists in the raising of the fatigue limit 
by stressing below the fatigue limit (understressing, 
coaxing), The results of systematic investigation 
of this phenomenon carried out by Sinclair,® who 
used various types of alloys (bronze, aluminium 
alloys, low-carbon steels), showed that the effect 
described is completely missing in bronze and 
aluminium alloys; it is manifested only in steel, 
and is closely connected with the diffusion of 
interstitial atoms into the lattice defects. 

In the same way, the action of higher tempera- 
tures on the fatigue characteristics of steel also 
shows the influence of the diffusion of interstitial 
elements. Moore and Alleman’ found in steel with 
a 0-17%, C content, that the fatigue limit increased 
from 21-1 kp./mm.* to 27-4 kp./mm.* during 
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experiments at a temperature of 290°C. Levy and 
Sinclair* indicated the substantial increase in the 
fatigue limit, which attained a maximum around a 
temperature of 230°C. If the interstitial atoms 
were removed by long-term annealing in an atmo- 
sphere of moist hydrogen, the effect of increasing 
the fatigue limit in the range of higher temperatures 
would vanish. The authors considered that the 
increase in the fatigue limit is brought about by 
the effect of hardening, and that the atoms of 
interstitial elements are capable at an elevated 
diffusion rate of following the movement of the 
dislocations during a single load cycle, and thus of 
retarding the compass of the plastic deformation. 

The effect of cyclic loading on diffusion and the 
breakdown of a supersaturated solution of iron 
through precipitation is shown in many papers. 
Schenck and Schmidtmann’ showed that car- 
burization of steel at 900°C. took place much more 
rapidly, if the specimens were simultaneously sub- 
jected to cyclic loading. The greater was the stress 
amplitude used, the more rapidly the carbon dif- 
fusion progressed. 

Hempel and Houdremont'® discovered metallo- 
graphically after cyclic loading of specimens of 
low-carbon steel (0-02 C), which had been 
plastically deformed by uniaxial tensile loading 
before testing, that there was precipitation of car- 
bides in the slip planes formed by the action of the 
static deformation. After electrochemical separation 
of the precipitates, it was confirmed by X-ray 
analysis that it was a matter of particles of Fe,C. 
Microscopic observation showed, that precipitation 
of cementite does not take place during loading of 
the specimens below the fatigue limit and at high 
stress amplitudes leading to breakdown of the 
cohesion after a small number of cycles. The 
authors considered that, in the first instance, the 
diffusion of carbon which is proportional to the 
stress amplitude is excessively small, and that, in 
the second instance, the specimens fractured earlier 
than true precipitation of the cementite phase 
took place. 

A quantitative analysis of the phase transforma- 
tion in hardened steel with a 0-88°,, C content, 
symmetrically loaded with an oscillating bending 
stress with a frequency of 417 cycles/min. was 
carried out by Lukas." By X-ray analysis he showed 
the fall in the carbon content of the martensite, 
the formation of epsilon carbides and the drop in 
the content of residual austenite. The changes 
were found above and below the fatigue limit of 
64 kp.'mm.’; with increasing stress amplitude they 
became more pronounced. At the same time the 
temperature of the surface of the specymen was 
measured in the area under the maximum load. It 
was shown that the specimen heated up only 
slightly and at a stress amplitude of o, = 65-8 
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kp.mm.’ attained a temperature of 32°C. But 
the author showed that after heating at a tempera- 
ture of 37°C. for a period comparable with the 
time of loading no measurable changes take place. 

Kilesnil,” during a study of the fatigue process 
in steel (0-35°,, C), quenched and tempered at 
600°C. for a time of 1 hour, found by means of 
X-rays a fall in the lattice constant during loading 
above the fatigue limit. With decreasing stress 
amplitude this change becomes less marked and 
vanishes at the fatigue limit. Since internal stress 
was not found either in the initial state or during 
loading, the author connects this phenomenon with 
diffusion of carbon into the cyclically deformed 
zones of ferrite, which are etched with less intensity 
and have a different surface relief from that of the 
ferrite background material. 

The results of these and other studies'* confirm 
that in Fe-C alloys during cyclic loading there is a 
substantial increase in the extent of the diffusion 
of the interstitial atoms. The specific fatigue 
characteristics of these alloys show that diffusion 
of the interstitial atoms is the process which controls 
the formation and development of the fatigue 
breakdowns in cohesion of the ferrite background 
material. 


Materials and method of testing 

For the investigation of the mechanical constants 
and the changes in the structure of the solid solution 
of carbon in alpha iron in the equilibrium and 
supersaturated states two types of steel were chosen: 
low-carbon steel with a 0-05°,, C content and a 
0-0042°,, N content, and steel to specification 
ésn 12010 (0-09°,, C). 

The low-carbon steel with a 0-05°,, C content 
was first heated at a temperature of 1,000°C. for 
1 hour with subsequent gradual cooling in the 
furnace for a period of 24 hours. By this means, 
almost the equilibrium state was reached and a 
suitable grain size of about 0-1 mm. From the 
material prepared in this way specimens were 
machined (fig. 1). Some of the specimens were 
preserved in the original state of heat treatment 
while others were heated at a temperature of 
700°C. for 1 hour and then rapidly quenched in 
water at a temperature of 20°C. All the specimens 
were ground and electrolytically polished before 
testing. By polishing away a layer about 50u 
thick, the plastically deformed strip formed during 
machining and grinding was removed. The speci- 
mens prepared in this way were symmetrically 
loaded by oscillating flexure on a machine of our 
own design with a frequency of 400 c.,min. Quench- 
ing of each specimen from a temperature of 700°C. 
in water at a temperature of 20°C. was carried out 
very shortly before testing mechanically. The 
Wohler curves constructed from the results of 


september, 1961 


measurements of specimens in the original state of 
heat treatment and after quenching from a tem- 
perature of 700°C. are shown in fig. 2. 

From steel Csn 12010 in the normalized state 
grain size about 0-02 mm.) specimens were ma- 
chined (fig. 3) and treated in the same way as the 
specimens shown in fig. 1. Loading by symmetrical 
oscillating flexure was carried out on a Schenck- 
WEBI machine with a frequency of 1,470 c./min. 
The Wohler fatigue curves for steel in the nor- 
malized state and for steel quenched from a tem- 
perature of 700°C. are shown in fig. 4. 

Changes in the structure brought about by the 
action of the cyclic loading and supplementary 
heating were observed metallographically with a 
Zeiss-Neophot optical microscope and a Tesla 
BS-242 table-type electron microscope. For obser- 
vation in the electron microscope two-stage, col- 
lodion-carbon replicas, shadowed with gold and 
palladium, were used. 

For supplementary hardening after loading the 
specimens were heated inside a thermostatically- 
controlled heating element, and the temperature 
established was maintained within the limits of 

0-05°C, 

The hardness was measured by the Vickers 
method, the macro-hardness by loading at 10 kp. 
and the micro-hardness by loading at 100 p. The 
resultant hardness values were determined as the 
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arithmetic mean of ten measurements. For this 
arithmetic mean the mean quadratic error was 
determined by calculation; it varied for measure- 
ment of the macro-hardness within the limits of 


0-5 to 2) Vickers hardness units, and for 
measurement of the micro-hardness within the 
limits of 1 to 3-5) Vickers hardness units. 


On the specimens of the microstructures the 
section marked corresponds to ly in reality. 


Results of the experiments 


Precipitation of the carbide phase from the 
supersaturated, solid solution of alpha iron in steel 
containing 0-5°,, C has already been described in 
an earlier paper.‘ The time sequence of the hard- 
ness of the quenched specimens, subjected to the 
action of temperatures of 23, 97 and 128°C., has 
a sequence characteristic of a precipitation process 
(fig. 5). The originally homogeneous purely ferritic 
structure gradually changes. The ascending part 
of the hardness curves corresponds to the evolution 
of an inhomogeneous solid solution which is mani- 
fested by wrinkling of the surface of the grains of 
ferrite (fig. 6a). Marked precipitation (fig. 66) can 
be shown only on the descending sections of the 
hardness curves. Through cold plastic deformation 
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capacity of the matrix, and hardening proceeds 
more rapidly and with greater intensity at a tem- 
perature of 97°C. than without preceding mechani- 
cal working (fig. 5); after reaching the maximum 
value the hardness decreases only slightly. In 
addition stabilization of the hardness can be found 
to correspond to stabilization of the structure; even 
after a longer time of heating no marked precipita- 
tion takes place but only wrinkling of the surface 
fig. 6c). 


During cyclic loading, after a relatively short 






























7 Time 


sequence 


of the microhardness of the grains of 
ferrite during loading of the specimens at a stress amplitude, 


6 27:8 kp./mm.* with subsequent heating at a tem- 
perature of 97 C. Before loading the specimens of 0:05%,, C 
steel were quenched from a temperature of 700°C.; curves 
1 and la—microhardness of the grains subjected to alter- 
nating plastic deformation; curves 2 and 2a—microhardness 
of the undeformed grains; curve 3—microhardness during 
simple hardening at a temperature of 97°( 


6 Structure of the grains of ferrite during hardening at a 
temperature of 97'C.: (a) after 30 minutes; (b) after 16 
hours; (c) after 100 hours with preceding plastic deforma- 
tion c 20 
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8 Time sequence of the microhardness « 
ferrite during cyclic loading 1 
1 temperature of 128°C. The specimens of steel contain- 
ing 0°05 C were quenched from a temperature of 
700 °C. before loading; curves 1 and 1a microhardnes 
f the grains plastically deformed at an alternating 
tre:s amplitude, Oa 30-0 kp..mm.*; curves 2 and 
2a microhardness of the grains plastically deformed at 
an alternating stress amplitude, o 27.8 kp./mmi'; 
curve 3 microhardness during simple hardening at a 
temperature of 128°C 4 


time a considerable increase takes place in the 
hardness of the grains of ferrite subjected to 
alternating plastic deformation. The micro-hard- 
ness sequence of the deformed grains of steel 
containing 0-05°,, C quenched from a temperature 
of 700°C. in relation to the number of cycles at a 
stress amplitude of + 27-8 kp./mm.’ is 
shown in fig. 7 (curve 1) and in fig. 8 (curve 2). 
In the graph in fig. 7 is simultaneously plotted the 
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change in the hardness of the unloaded area of the 
specimen (curve 2); its time sequence corresponds 
to hardening at a temperature of 23°C. A similar 
increase in hardness was found also at a stress 
amplitude of o, 30-0 kp.jmm.* (curve Il, 


fig. 8). From the results it follows that the greater 
the stress amplitude, the more the hardness 
increases. 


Simultaneously with measurement of the hard- 


C steel); the 
10°: (a 


specimens were 


relief of a slip band; (b 


quenched from a temperature 
and (c) after etching the 


specimen; (d) after polishing away a layer of about 1 micron and after etching 


aie A. 
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10 Structure of the slip bands in the grains of ferrite (0-05 
"7 g] 


of 700°C. before loading at oa 27:8 kp./mm.*, N = 2 
a layer of about 1 micron electrolytically and etching 





11 Structure of the slip bands in the grains of ferrite (0-05 
of 700°C. before loading at oa 
micron electrolytically and etching 


ness, the changes in structure were investigated 
with the electron microscope. The relief which 
forms through the action of the alternating plastic 
deformation on the polished surface of the grains 
of alpha iron supersaturated with carbon, during 
loading at a stress amplitude of o, +25 kp./mm.? 
which exceeds the fatigue limit by 4-17°,, (fig. 9a), 
differs in no way from the relief which is mani- 
fested in the grains of ferrite with a carbon concen- 
tration approximating to the equilibrium state.’ 
From the microstructure, it is apparent that in the 
slip band the oscillating deformation forms a very 
reticulated relief, consisting of a synthesis of very 
irregular elevations and depressions. 

After etching away a thin surface layer of the 
specimen in 2°,, Nital (etching time 30 sec.), the 
slip bands remain visible and project slightly above 
the level of the surface of the matrix of ferrite 
(figs. 96 and 9c). In the actual structure of these 
deformed bands platelet formations with a regular 
orientation are apparent, with thickness of about 
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C steel); the specimens were quenched from a temperature 


10 a) after etching the specimen; (b) after polishing away 


C steel); the specimens were quenched from a temperature 


30 kp./mm.*: (a) after etching the specimen; (6) after polishing away a layer of about 1 


500 A. After polishing away a thin layer of about 
lu electrolytically and after etching, the slip bands, 
called permanent slip bands, are again manifested 
fig. 9d), and the character of their relief remains 
preserved. On comparing figs. 9b, 9c and 9d with 
6b it is possible to identify the formations described 
as carbide precipitates. It is necessary to emphasize 
that these shapes are not observed in the structure 
of the permanent slip bands after cyclic loading of 
the specimens whose heat treatment was chosen in 
such a way that the C content of the ferrite ap- 
proaches the equilibrium state at normal tem- 
peratures.!* 

In essence the same data were obtained at a 
stress amplitude of >, + 27-8 kp./mm.* exceed- 
ing the fatigue limit by 15-8°.,. The micro-hardness 
sequence of the ferrite grains of the specimen 
which was used for the metallographic research is 
shown in fig. 8 (curve 2). A micrograph of the 
structure of the ferritic grain of the specimen 
which was etched after loading is shown in fig. 10a. 
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12 Structure of the slip bands in the grains of ferrite of 
00-05% C steel; the specimens were quenched from a tem- 
perature of 700°C. after cyclic loading at oq 30 
kp.jimm.*, N = 8 10*, and heated at a temperature of 
128°C. for a period of 9 hours 


In the slip bands, rising above the level of the 
metallic background material, less readily etched 
formations in the shape of platelets are again to be 
observed. After polishing away a surface layer of 
about ly» and after etching, the appearance of the 
band was unchanged (fig. 106). The ferrite matrix 
is only moderately wrinkled, and in it no marked 
precipitates are evident. 

On employing a stress amplitude of o, 30-0 
kp./mm.*, exceeding the fatigue limit by 25°.,, for 
which the corresponding hardness sequence of the 
deformed grains of the test specimen is designated 
as curve | in fig. 8, the slip bands become more 
numerous and often whole grains are covered by 
the relief of the plastic deformation. The appear- 
ance of the deformed areas, both after etching 
fig. lla), and also after polishing away a surface 
layer of about lu and etching (fig. 116), is similar 
to that at lower stress amplitudes except that the 
platelet formations are finer. Similarly, also, in this 
instance, there is relatively little wrinkling of the 
metallic background material, and it is impossible 
to identify within it any carbide precipitates. 

The effect of higher temperatures on the hard- 
ness and microstructure of the deformed grains of 
ferrite was investigated in a further series of tests. 
The specimens were first of all subjected to cyclic 
deformation and then hardened at temperatures of 
97 and 128°C. 

Fig. 8, curves la and 2a, shows graphically the 
hardness sequence of the specimens which were 
heated after loading at a temperature of 128°C. 
For comparison, in the same figure is shown the 
hardness sequence of a specimen after simple 
hardening at a temperature of 128°C. (curve 3). 
From the diagram, it is evident that by hardening 
after cyclic deformation higher hardness values are 
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13 Structure of the slip bands in the grains of ferrite 
of 0-05 C steel; the specimens were quenched from 


~— 


a temperature of 700°C. after cyclic loading at oa 2/°8 
kp. mm.*, N | 10°, and heated at a temperature of 
97°C. for a period of 15 hours 


attained than by simple hardening at a temperature 
of 128°C. Curves la and 2a show that in the 
initial stage of heating the hardness first of all 
increases rapidly, but falls gradually after attaining 
a maximum. The curves have a similar course to 
that of curve 3 with the difference that the hardness 
values are higher and the time required to attain 
the maximum is shorter. 

The structure of the ferrite of the specimen 
which was loaded at a stress amplitude of o, 
--30 kp.jmm.” and heated for a period of 9 hours 
at a temperature of 128°C. (curves 1, la in fig. 8 
and from which a surface layer of 2 was polished 
away, is shown after etching in fig. 12. In the 
micrograph is to be seen a * permanent slip band ’ 
which contains correspondingly oriented forma- 
tions. The matrix of ferrite is strongly wrinkled, 
which can scarcely, however, qualify as a phe- 
nomenon of the precipitation of an incoherent 
phase. 

A similar effect was obtained by heating at a 
temperature of 97°C. after alternating loading with 
a stress amplitude of 1, + 27-8 kp./mm.? 
fig. 7, curves 1 and la). For comparison is shown 
the hardness sequence of a specimen which was 
quenched after direct hardening at a temperature 
of 97°C. (curve 3); the increased hardness values 
in the unloaded area of the cyclically loaded speci- 
men, found over the whole of the hardening 
sequence (curve 2a), can be explained by the effect 
of combined hardening.* The structure of the 
ferrite grain of the specimen prepared in this way, 
after polishing away a surface layer of 2. and after 
etching, is shown in fig. 13. In the micrograph are 
visible ‘ permanent slip bands’ containing corre- 
spondingly oriented formations which are etched 
with less intensity. Also, in this instance, in the 
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14 Time sequence of the hardness during the hardening of 
* ie ; 
steel CSN 12010 at a temperature of 23°C 


ferrite background material, it is impossible to 
discern any carbide precipitates outside the de- 
formation band. 

For further support for our opinion on precipita- 
tion through the action of cyclic deformation, 
research was also carried out on steel CSN 12010. 
The hardness time plot for hardening at a tem- 
perature of 23°C. after quenching from a tempera- 
ture of 700°C. is shown in fig. 14. 

On all the experimental specimens used for the 
construction of the Wohler curve the macro- 
hardness was measured after their fracture and, in 
fact, in both the loaded and the unloaded areas. 
The ratio betweeii these hardness values as a func- 
tion of the stress amplitude is shown in fig. 15. 
From the graph it follows that with falling stress 
amplitude the hardness values in the stressed and 
unstressed areas approach each other; this implies 
that the intensity of the precipitation hardening is 
diminished with decreasing stress amplitude. For 
investigation of the structure of the slip bands we 
used a specimen loaded at a stress amplitude of 
Sa 31-5 kp./mm.?, 1.2. 3:28°, above the 
fatigue limit. After polishing away a surface layer 
of lu and after etching (fig. 16), the same picture 
of the relief of the slip bands was obtained as for 
the steel with a 0-05°,, C content, as is proved by 
comparison between figs. 96, 9c and 9d on the one 
hand and fig. 16 on the other. 


Analysis of the results 

In an earlier work, carried out on steel con- 
taining 0-05°,, C, an interpretation was given of 
the course of hardening which is the result of the 
breakdown of a supersaturated solid solution of 
alpha iron through precipitation. At the low 
nitrogen content of this steel, by means of thermo- 
dynamic analysis, the decisive role of carbon on 
hardening was shown. The course of precipitation 
is influenced by the rate of diffusion and the 
nucleation powers of the matrix. The hardness 
time sequence after hardening at various tempera- 
tures is different, and it may be explained by the 


15 Change in the ratio of the hardness values of the 
deformed and undeformed areas of specimens of Steel 
tae 

CSN 12010 in relation to the stress amplitude 


effect of the different rate of diffusion and the 
changing size of the critical dimension of the 
nucleus (fig. 5). The actual precipitation was shown 
to correspond to the descending sections of the 
curve (fig. 66), and the pre-precipitation states of 
the inhomogeneous solid solution to correspond to 
the ascending part of the curve (fig. 6a). The 
increase in the nucleation capacity of the matrix 
after mechanical working by static loading leads to 
a greater increase in hardness (fig. 5) and to stabi- 
lization of the structure (fig. 6c) and of the hardness 
fig. 5).4 

The effect of cyclic loading on the breakdown of 
a supersaturated solid solution of alpha iron 
through precipitation was studied on the same 
steel containing 0:05°, C. The experiments 
showed the rapid increase in hardness of the de- 
formed grains. The increase in hardness cannot be 
attributed to the action of hardening occurring 
during plastic deformation through fragmentation 
of the grains. Strain hardening of this sort is 
manifested in steel only at stress amplitudes exceed- 
ing the cohesive strength,’ whereas loading in the 





16 Structure of the slip bands in the grains of ferrite of 


steel CSN 12010. The specimens were quenched from « 
temperature of 700°C. before loading at oa +31-5 
kp.imm.*, N = 1-2 10° 
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17 Sequence of the microhardness of the cyc'ically de- 
formed grains of the ferrite of heated specimens of 0-05°,, ¢ 


steel (Ga 23-0 kp./mm.? 


range of the Wohler curve employed (N > 10° 
proceeds in the phenomenologically elastic range. 

For comparison, measurement was made of the 
hardness sequence as a function of the number of 
cycles on a specimen heated at 1,000°C. for 1 hour 
with gradual cooling in the furnace. The stress 
amplitude used was o, + 23-0 kp./mm.’, at 
which rupture takes place after approximately the 
same number of cycles as for the specimen quenched 
from a temperature of 700°C. if we choose a stress 
amplitude of o, + 30-0 kp./mm.? (fig. 2). The 
micro-hardness curve of the deformed grains of 
ferrite is shown as a graph in fig. 17. The measured 
changes in hardness are very inconsiderable and 
are within the extent of the mean quadratic error 
of measurement. 

The metallographic analysis showed that in the 
permanent slip bands during cyclic loading, marked 
and rapid precipitation takes place at normal tem- 
peratures; this phenomenon may be considered to 
be the main cause of the increase in hardness of 
the deformed grains. The accelerated breakdown 
of the supersaturated solid solution of alpha iron 
may be explained by the increased rate of diffusion 
in the slip bands under the action of the alternating 
loads. It would be simplest to suggest that the 
slip bands have a higher temperature than the 
undeformed matrix. Since, however, the total of 
the surface areas bounding the slip bands is greater 
than the surface area of the specimen, its tem- 
perature must be comparable with that of the 
deformed siip bands. 

In order to exclude the possibility that at low 
loading frequencies (400 c./min.), accelerated pre- 
cipitation takes place through heating up of the 
specimen, we measured the temperature with a 
thermocouple at a stress amplitude of o, +-30-0 
kp./mm.* The results of this measurement did 
not show any change in temperature. Therefore 
it is impossible to assume a substantial rise in the 
temperature of the deformed bands, even though it 
is necessary to admit a short-term rise in tempera- 
tures on the submicroscopic scale. The main 
source of heat generation may be considered to be 
the moving dislocations. In this sense a series of 
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calculations have been carried out on the basis of 
mechanically-worked models.'*:** A localized in- 
crease in temperature lasts for the time of move- 
ment of a dislocation and is dependent on its 
velocity; at the proposed rates the time of move- 
ment is less than a thousandth of a second. 
Thompson and Wadsworth’ consider that the 
increase in temperature in the submicroscopic 
volume with consideration of the times of action 
is negligible for diffusion. 

It is necessary to take into consideration that 
diffusion can be promoted by the dislocations and 
vacancies which form during cyclic deformation. 
It has been shown that diffusion along the dis- 
locations proceeds much more rapidly than in the 
metallic background material where the cohesion is 
unbroken.'’ Forsyth'® used specimens produced 
from Al-Zn-Mg-Cu alloy for cyclic loading; the 
specimens were metallized with a thin layer of 
aluminium. It was found that during heating after 
alternating loading, the atoms of the dissolved 
elements are diffused at the grain boundaries and 
thence into the grains along the slip bands. Here, 
therefore, it is probable that, in our instance, the 
accelerated diffusion is brought about by the dis- 
locations and vacancies occurring during cyclic 
loading, rather than through the increased tem- 
perature of the slip bands. 

The precipitation in the permanent slip bands 
which was shown by electron microscopy is 
dependent on the conditions of cyclic loading; at 
a higher stress amplitude the increase in hardness 
is greater, the precipitates are finer, and their 
number is greater. The increase in the number of 
precipitates and their smaller size may be explained 
by the greater nucleation capacity of the matrix; 
on using higher amplitudes a greater number of 
lattice defects are formed, which act as the nuclei 
for the precipitation of a greater number of particles. 
The nuclei of the precipitates are mutually equi- 
pollent, and therefore stabilization of the structure 
and properties is manifested in the same way as 
occurs after static mechanical working or after 
combined hardening.‘ 

As opposed to simple hardening, the basic dif- 
ference lies in the fact that pronounced precipitates 
may be found not only in the range of the maximum 
of the hardness time sequence but also within the 
range of its ascending section. This phenomenon 
may be explained by the substantially greater con- 
centration of precipitates than during simple 
hardening. The matrix which is unaffected by the 
plastic deformation is devoid of precipitates, and 
has only a wrinkled surface through the action of 
the gradually increasing inhomogeneity of the solid 
solution, corresponding to the sequence of simple 
hardening at the experimental temperature of the 
specimen (figs. 9b, c, d and 10a and 6). 
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During the heating of specimens which have been 
hardened by cyclic loading there is a further in- 
crease in hardness; this increase in hardness is 
only very slightly greater than the increase in 
hardness of a specimen after heating at the same 
temperature immediately after quenching (see fig. 7, 
curves la and 3). It may therefore be deemed 
that this increase in hardness is the result of the 
precipitation processes in the undeformed matrix; 
the greater increase in hardness during heating 
after loading may be explained by the action of 
combined hardening,‘ evidence of which is pro- 
vided by the course of time-hardness plots (curves 
3 and 2a in fig. 7). Whereas during the heating 
of the supersaturated solid solution of alpha iron 
at temperatures of 97 and 128°C. after a given 
time precipitates are apparent in the matrix (fig. 6d), 
the structure of the undeformed matrix of the 
cyclically loaded specimens heated at the same 
temperatures and for the same time are devoid of 
marked precipitates (figs. 12 and 13). This fact 
and the sequence of the hardness curves with a 
relatively moderate fall in hardness over longer 
heating periods confirm the action of the combined 
hardening. 

Comparison of the course of precipitation after 
mechanical working by a static force and during 
cyclic loading points to the basic differences in the 
character of the two methods of plastic deformation. 
After mechanical working with a static force, with 
the rise in temperature there is an increase in hard- 
ness (fig. 5) without the formation of marked 
precipitates (fig. 6c), and stabilization of the hard- 
ness and of the structure is manifested. It has 
been shown‘ that, in essence, it is a matter of a 
precipitation process similar to simple hardening, 
with the distinction, that by mechanical working 
with a static force, there is development of further 
lattice defects favourable to the formation of nuclei 
of the precipitating phase. After cyclic loading, in 
the slip bands numerous precipitates are apparent 
despite the fact that loading has taken place at 
normal temperatures. 

The formation of precipitates under the con- 
ditions investigated may be explained by the funda- 
mental change in the character of the matrix. The 
permanent slip bands in which precipitation takes 
place represent areas of breakdown in cohesion of 
the metallic background material, containing a 
smaller number of dislocations and a greater 
number of vacancies, which form through the 
interaction of the dislocations during the oscillating 
movements. The nucleation capacity of these areas 
is greater than the nucleation capacity of the 
matrix after deformation by a static force, and the 
greater number of vacancies permits substantially 
more rapid diffusion. In the permanent slip bands, 
therefore, conditions are favourable for precipita- 
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tion to proceed even at normal temperatures under 
the action of the alternating plastic deformation, 
on a scale which is only possible at higher tem- 
peratures in the area of the matrix in which no 
cohesion breakdown has occurred. Therefore the 
results of the experiments confirm that the pro- 
cesses taking place in the internal structure of 
metals during cyclic and static loading are quali- 
tatively different, and at the same time arouse 
doubts about the theories of Orowan, Afanas’ev 
and Mott,!*: 2°. *! who place on the same level the 
formation of cohesion breakdowns during alter- 
nating and static loading. 

In essence the same data result also from research 
conducted on steel ¢sN 12010. Measurement of 
the hardness in the loaded and unloaded areas of 
specimens at various stress amplitudes once more 
show that the plastically deformed zones of the 
ferrite primarily participate in the precipitation 
hardening. Morphologically the appearance of the 
permanent slip bands is the same as in coarse-grain 
steel with a 0-05°,, C content. 

The marked effect of the carbon content in the 
lattice of the alpha iron on the sequence of the 
Wohler curves is apparent from figs. 2 and 4; the 
specimens loaded immediately after quenching 
from a temperature of 700°C. have a fatigue limit 
which is higher by 37-1°, (steel containing 
0-05°,, C) and by 32-5°,, (steel sw 12010). The 
higher fatigue limit after quenching for both types 
of steel may be explained, not only by the higher 
yield point, but also by the intensive precipitation 
in the slip bands. The precipitates forming harden 
these bands, block their development, and restrict 
the possibility of the growth of submicroscopic 
cracks in the slip bands. The result of these pro- 
cesses is a considerable increase in the fatigue limit 
by comparison with the state after heating, when 
in the deformed areas of the ferritic matrix there 
is no excess of interstitial atoms permitting marked 
precipitation. 


Conclusions 
During cyclic loading of a supersaturated solid 
solution of alpha iron at a low-frequency precipi- 
tation breakdown takes place in the slip bands 
through the formation of the carbide phase even 
without raising the temperature of the specimen. 
The result of the precipitation is a marked increase 
in the fatigue limit by comparison with the approxi- 
mately equilibrium state after heating of the steel. 
By comparison with the precipitation of carbides 
during heating at temperatures of 97 and 128°C., 
carbides are formed on the rising section of the 
hardness curve, and the hardness asymptotically 
approaches the limiting value. With the greatest 
probability the increase in hardness is brought 
continued on page 380 
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Stress-relieving at Hunterston 


Use of radiant heat on reactor pressure vessel 


SUCCESSFUL COMPLETION of the stress-relieving of 
the first 70-ft. dia. reactor pressure vessel at 
Hunterston Nuclear Generating Station, Ayrshire, 
Scotland, is reported by the General Electric Co. 
Ltd. The station is being built for the South of 
Scotland Electricity Board by the G.E.C. and 
Simon-Carves Atomic Energy Group. The con- 
struction of the pressure vessels was sub-contracted 
out to the Motherwell Bridge and Engineering Co. 
Ltd., who were also responsible for the stress- 
relieving operation. About 1,800 tons of steel, 
situated at a mean height of 85 ft. above ground 
level, was heated to a temperature of 550°C., soaked 
for 12 h. and then allowed to cool slowly. A high 
degree of control was essential to prevent the tem- 
perature difference between any two points in the 
vessel exceeding a specified maximum. 

Installed inside the pressure vessel and under- 
going stress-relieving at the same time were the 
inner heat shield, the core-support grid, and the 
main gas seal between the walls of the inner heat 
shield and the pressure vessel. Certain portions of 
the hot and cold gas ducting and the nozzles for the 
charge discharge and control-rod standpipes which 
penetrate the pressure shell were also included. The 
steel restraint beams for the graphite core were 
suspended from the inner-shell nozzles, and other 
items treated at the same time were laid on top of 
the grid cover plate. 


Design requirements 

The electric heating system used was proposed 
and designed by the Industrial Advisory Service of 
the South of Scotland Electricity Board, who acted 
as consultants for the heating scheme to the Mother- 
well Bridge and Engineering Co. Ltd. throughout 
the job. 

When designing the heating system for this com- 
plex structure certain features of the type of heater 
to be used, the method of heater suspension and the 
insulation of the heating system were considered 
desirable. 

To achieve uniform heating, radiant heating was 
to be adopted. The heaters needed to be arranged 
in zones with external means of varying the heat 
output of the heater groups in each zone. In order 
to obtain the best possible heat transfer from the 


heaters to the fabricated structure, the heaters 
should not be surrounded by insulation or sheaths. 
It was decided to employ heaters in the form of 
alloy strips. 

Good electrical insulation required the heater 
strips to be widely spaced from earth and from each 
other to allow for the considerable expansion which 
would take place at the high temperatures involved. 

The material used for the heater strip needed to 
have a high resistivity, so that a robust arrangement 
could be employed, and be sufficiently ductile for 
ease of forming. A low temperature coefficient of 
resistance and good resistance to progressive oxida- 
tion when hot were also necessary. Since bare con- 
ductors would be used to achieve maximum radia- 
tion, separate insulators became necessary. 


General outline of scheme 

The pressure vessel and included components 
were heated by a series of freely radiating Brightray 
strips supported by wire links and ceramic insulators. 
Some strips were mounted circumferentially be- 
tween the spherical pressure vessel and the cylin- 
drical inner heat shield, while others on the top 
and bottom crowns followed approximately the 
curvature of the vessel. 

With the system of heater suspension employed, a 
curtain-like structure of heater elements was built 
up in the space between the inner heat shield and 
the pressure vessel. 

Brightray heater strips were also placed under- 
neath the grid to ensure that this would be adequately 
heated. Enclosed tubular-type heaters were em- 
ployed for each of the gas ducts. 

The method of suspension adopted was highly 
flexible and permitted the switching off of one 
heater without fear of damaging the suspension of 
neighbouring heaters. 

It was considered necessary to divide the fabri- 
cated structure into 40 separate heating zones. By 
choosing suitably dimensioned heating strip it was 
possible to use 100-ft. lengths connected directly 
across the 240-V. mains. This length, half the 
circumference of the spherical pressure vessel, 
enabled the supply to be brought in at one side of 
the vessel and the neutral connection to be taken out 
of the other side. 
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Heaters and supports 


Except for the ducts, all heaters were made of 


Brightray strip. Inside each zone the heater strips 
were connected in groups, each group being sup- 
plied from an externally-mounted auto-transformer 
fitted with voltage ratio adjustment. This allowed a 
measure of control to be exercised over individual 
heating groups. 

Each duct heater was 8 in. dia. and 6 ft. long, 
with a rating of 24 kW. at 240 V., and of stainless 
steel construction. Two heating units were used in 
each hot gas duct, and one heating unit was em- 
ployed in each of the shorter cold gas ducts. They 
were supplied by Duncan Low Ltd., Glasgow. 

Although the linkage system between element 


arrays varied from zone to zone, only one type of 


ceramic insulator was used throughout the whole 
installation. 

All the support links were of Incoloy D.S. wire, 
which at 800°C. has a tensile strength of 10-5 
tons'/sq. in. The stress in the most heavily loaded 
link at this elevated temperature was less than 0-1 


ton sq. in., allowing a high mechanical factor of 


safety. This wire has a melting point of not less 
than 1,320°C. and a coefficient of expansion of 
18-5 x 10-*/°C. 
Thermocouples 


Temperatures were measured at some 400 points 
by means of chromel-alumel thermocouples. All 
the internal and external positions for the permanent 
thermocouples were used and in addition a number 
of temporary points were selected. 

Particular attention was paid to the positioning 
of thermocouples on the pressure-vessel support 
skirt, gas-duct stubs and sphere. It was possible to 
record the temperature distribution down the sup- 
port skirt in various planes around its periphery. 


1 Two models used to determine 
tne postition of 100 selected thermo- 
couples during the stress-relieving of 
the pressure vessel. The peg board 
can be seen in the background 

[Courtesy: G.E.C. Ltd., England 
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This enabled a check to be made on the performance 
of the thermal pocket at the top of the skirt. 

The temperature along each gas-duct stub was 
measured at several points to ensure that no large 
temperature gradients occurred. In addition, four 
pairs of thermocouples were connected differentially 
to record any temperature variation between 
selected points at the top and bottom of the large 
irregular-sectioned forgings at the duct roots. 

A pair of thermocouples, one connected to the 
top crown and the other connected to the bottom 
crown, were arranged to indicate the temperature 
difference between the two points, thus enabling 
the controller to regulate the heat input to main- 
tain an even temperature distribution throughout 
the pressure vessel. 

The vessel could be symmetrically divided into 
four quadrants and, as it was fairly reasonable to 
assume that the heating pattern would be similar in 
each quadrant, it was decided to connect strip-chart 
recorders to the thermocouples in one quadrant 
only, with a few check thermocouples in the other 
quadrants. 

In addition to the thermocouples used for the 
pressure vessel and its contents, about 20 were 
placed in the surface of the concrete biological 
shield at the equator level, on the concrete beams 
forming the soffit, and in the concrete supporting 
the reactor skirt, to ensure that the rise in concrete 
temperature was not excessive. 

Thermocouples were also used to measure the 
temperature of the heater strips at various points. 


Instrumentation 

To eliminate the continuous logging of large 
numbers of temperatures by an operator, two special 
instrumentation and recording systems were em- 
Approximately three-quarters of the 


ployed. 
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tiermocouples were connected to a digital type- 
writer recording system which presented the tem- 
peratures in the form of a printed list, while the 
remainder’ were connected to six strip-chart 
recorders. The strip-chart recorders were thus 
available to control the heating cycle for a limited 
period in the event of failure of the digital typewriter 
system, as well as providing a record which could 
be interpreted more readily than that of the digital 
typewriter. The readings from the strip-chart 
recorders were plotted in the form of a graph on a 
peg board in the control room. 


Adjacent to this board were two models, one of 


the pressure vessel and the other of the inner heat 
shield resting on the grid (fig. 1). Fixed to the 
models were small lamps in positions corresponding 
to those of the 100 thermocouples represented on 
the peg board. By placing a plug in a thermocouple 
position on the board the appropriate lamp on the 
model lit up. This arrangement enabled the 
position of a thermocouple in the vessel to be located 
quickly if it showed the temperature in that part to 
differ too widely from the mean temperature of the 
whole structure. 

Forming part of the peg board were two other 
display systems. The first showed the power loading 
of each heater circuit in the pressure vessel and 
the tapping position of each of the 24 auto-trans- 
formers; the second showed the cycling of the 
tubular duct heaters. The complete peg board and 
models were designed and constructed by the South 
of Scotland Electricity Board Industrial Advisory 
Service. 

The equipment for the digital display system was 
specially developed by G.E.C. and was arranged 
for either automatic or manual operation. On auto- 
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matic operation all the thermocouple readings were 
sequentially scanned and printed out by an electric 
typewriter. Four uniselectors each handled one- 
quarter of the 300 thermocouple circuits. The out- 
put side of each uniselector was connected to an 
Electroflo-type 198 potentiometric indicator scaled 
to read 1,000°C. Each indicator was also fitted with 
a Hilger & Watts digitizer having an output in the 
Watts reflected decimal code. When the four 
indicators were balanced the output of each digitizer 
was decoded in turn by a single decoding unit and 
passed to the I.B.M. electric typewriter. 

Once during a complete scan (7.e. through all four 
uniselectors) each indicator was connected to a 
standard reference corresponding to a reading of 
800°C. Accuracy of the potentiometric indicators 
was 0-25°,, f.s.d. and the accuracy of translation was 
+1 digit. The system was calibrated at 550°C. and 
a correction card was made to cover other tem- 
peratures. 

Since the electric typewriter was able to print 
10 digits sec., multi-bank uniselectors capable of 
switching the inputs of the four indicators simul- 
taneously were employed, the four outputs being 
printed out sequentially. The print rate was thus 
24 digits sec. Additionally the five differential 
thermocouple readings were registered on a separate 
chart recorder so that special and continuous ob- 
servation was possible. 


Cabling and power supplies 

Because of the high temperature involved, special 
arrangements were adopted to take the power sup- 
plies to the heating elements and from the thermo- 
couple points inside the pressure vessel. Stainless 
steel conductor rods were used for the power con- 


2 Rocksil thermal insulation applied 


to the bottom crown of the first 
reactor pressure vessel at Hunter 
ston, Scotland. The charge nozzles 
were insulated individually and 
then covered by a thin aluminium 
container as shown This formed 
part of the preparation for stress- 
relieving the 70-ft. dia. pressure 
vessel 

[Courtesy: G.E.C. Ltd., England 
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nection to the heaters. Welded connections were 
used between the heater strips and the stainless steel 
rods to obviate faults at these points during stress- 
relieving. 

Mineral-insulated stainless-steel-clad cables were 
used for all thermocouple leads. At suitable points 
outside the pressure vessel these cables were ter- 
minated in junction boxes from which normal multi- 
core cables were run to the control room. 

Although the South of Scotland Electricity Board 
made a 4:5-MW. supply available for the stress- 
relieving, in practice the maximum demand never 
exceeded 3-6 MW., corresponding to 2 kW. ton of 
metal treated. 


Thermal insulation 

All external surfaces of the pressure vessel, ducts 
and nozzles were insulated to reduce heat losses. 
In most cases this insulation consisted of two 3-in. 
thick layers of Rocksil, but in some instances, 
namely, round the duct stubs and skirt, the thickness 
was increased to 12 in. Aluminium foil was widely 
used to reduce radiation and so protect the concrete 
surfaces (fig. 2). As a further precaution against un- 
desirable increases in the temperature of the con- 
crete, arrangements were made to pass about 
300,000 Ib. of air per hour through the biological 
shield cooling system 


Stress-relieving operation 

As there was no previous experience to draw on 
for controlling the heating rate of vessels of this size 
and complexity, it was not possible to lay down a 
set of rules governing the operation. Initially the 
bottom crown heaters were switched on at their 
lowest setting, z.e. half load, and held at this level 
until the heating pattern emerged. The switching 
instructions were then based on this pattern. It 
was agreed to limit the rate of temperature rise to 
less than 5°C./h. and on this basis it took approxi- 
mately seven days for the pressure vessel to reach 
the stress-relieving temperature of 550°C., at which 
it was soaked for 12 h. Throughout the whole 
operation there was not a single heater failure. As 
would be expected, the overall rate of heating was 
controlled by that of the bottom crown, because 
natural convection tended to take the heat away 
from this part of the sphere. After the soaking 
period the vessel was left to cool for nine days 
before removing the thermal insulation. Entry to 
the vessel was delayed a further two days. 


Conclusions 

Over the past few weeks a considerable number 
of tests have been carried out on the fabricated 
structure to check the success of the stress-relieving. 
These tests were laid down by Lloyd’s Register of 
Shipping (Land Division), with the approval of the 
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UKAEA, the South of Scotland Electricity Board and 
the consultants to the Board, Kennedy & Donkin. 
They included crack-detection tests on 10°, of all 
nozzle welds on the inner heat shield and on the 
grid and 100°, crack-detection tests of the nozzle 
welds in the shell and on the gussets. Ultrasonic 
examination of selected areas on the top and bottom 
crowns was also carried out. 

The absence of any faults in the pressure vessel 
or its contents indicated that the stress-relieving 
was entirely successful. Certain minor modifica- 
tions to the layout of the heating system should 
result in a reduction in the time taken to treat the 
second reactor pressure vessel. The use of radiant- 
heating strips, freely suspended inside the vessel, 
has been fully justified by the result. 


Precipitation in low-carbon steel 
under cyclic loading 
mcluded from page 376 


about by precipitation hardening in the slip bands. 
During additional heating at temperatures of 97 
and 128°C. to the main extent the undeformed 
matrix took part in the increase in hardness; the 
sequence of the hardness curves and the morpho- 
logical appearance of the structure correspond to 
the conditions of combined hardening. 

The different character of the breakdown of the 
supersaturated solid solution of alpha iron through 
precipitation during static and cyclic loading points 
to the specific properties of the structure of the 
permanent slip bands, which form during the 
alternating deformation of the grains of ferrite, 
and are the centre of the breakdown in cohesion 
through fatigue. 
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Elevated bell-type 
furnaces for cable 


works 


PIRELLI-GENERAL CABLE WORKS LTD. has placed 
with the General Electric Co. Ltd. an order for a 
bell-type furnace installation for the bright anneal- 
ing of copper under vacuum conditions. The 
charge is to be in the form of wire and strip coils 
or wire on spools, and the rated output will be over 
250 tons per week. 

The installation will comprise four identical bell- 
type furnaces designed for a maximum tempera- 
ture of 500°C. Contrary to normal procedure each 
furnace will be supported in a fixed elevated posi- 
tion, and the charge, carried on the furnace base, 
will be lifted up into the furnace. The furnaces, 
which will be about 7 ft. dia. and 8 ft. high, will 
each be rated at 114 kW. and will be provided with 
three individually-controlled heating zones. 


A full complement of bases and hoods will be 
provided. Each base will consist of a heavy frame 
fitted with flanged wheels to allow it to run on 
floor rails, with a vacuum-tight corrugated top 
cover. This corrugated envelope fits on top of the 
heavy frame and is sealed to it by means of a 
water-cooled rubber ring. The space within the 
envelope can be evacuated through a vacuum 
connection fitted with a shut-off valve. Each base 
can carry a load of 2} tons distributed over three 
shelves. These are supported one above the other 
in the charge space which has a diameter of 39} in. 
and is 65 in. high. A thermocouple projects from 
underneath the base into the charge to enable its 
temperature to be recorded. 


The four furnaces are to be arranged in a line, 
with a cross-traverse trolley running in a pit in 
front of and parallel to them thus enabling a base 
with its charge to be run off the cross-traverse 
trolley on to rails mounted on the top of a ram 
situated below the furnace. Beyond this cross- 
traverse trolley pit is to be a rail system for carry- 
ing the furnace bases to the furnaces. This system 
will consist of four pairs of parallel rails, laid at 
right angles to the line of furnaces. Three sets of 
these rails will be fitted with hydraulically-operated 
puller mechanisms used for handling the furnace 
bases, and the fourth will contain the vacuum 
connection for roughing down the bases. Another 
cross-traverse trolley is to be provided at the end of 
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this floor rail system opposite to the furnaces, and 
one of its functions will be to assist in unloading 
and loading the charge of a furnace. 


Cycle of operations 

The complete cycle of operations for a par 
ticular charge will be as follows. A charge will be 
prepared in the loading section and placed on the 
furnace base, a hydraulic ram assisting in this 
operation. The base is then rolled directly on to 
the cross-traverse trolley running on rails in the 
floor pit, the trolley then being taken by the rail 
system to the vacuum connection point for rough 
ing down the envelope 

After the envelope has been evacuated the base 
is transferred to the other cross-traverse trolley 
which takes it to the appropriate furnace, where a 
hydraulic ram raises it into the furnace. At this 
point the base is connected to another vacuum 
system designed to hold the container at a high 
degree of vacuum during the annealing operation 
When this annealing operation has been completed 
the base is removed and taken to one of the sets of 
rails fitted with a puller mechanism, where it is 
allowed to cool down. Provision is to be made for 
flooding the containers with a gas to accelerate the 
rate of cooling of the charge. 

Six furnace bases can be accommodated at a 
time on each set of rails, so that by a judicious 
selection of furnaces, a continuous programme, 
employing the furnaces to a maximum, can be 
operated. 


The vacuum systems will consist of a water-ring- 
type pump for roughing down the base and two 
rotary mechanical pumps for holding the con- 
tainers under vacuum in the furnace at an absolute 
pressure of less than 5002. These two pumps are 
to be so arranged to serve all four furnaces. Bourdon- 
type gauges will be used to indicate the pressures 
in the system. 


The provision of the ram at the loading position 
and the puller mechanism on the cooling lines will 
keep operator fatigue to a minimum, the operator 
only being required to load and unload the bases 
and to move single bases to and from the cooling 
lines and return line. 


This furnace is designed and manufactured 
jointly by G.E.C. and Vacuum Industrial Appli- 
cations Ltd. 


Stedall Machine Tool Co. has been appointed by Impreg- 
nated Diamond Products Ltd. distributors of the 
Sparcatron range of spark erosion machines used in the 
manufacture of press tools, forge dies, etc., and Sparcard 
tungsten carbide impregnating machines for cutters, 
lathe tools, etc. 
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X-ray metallography 

By A. Taylor. John Wiley & Sons, Inc., New York and 
London, 1961. Pp. 993. £10 l6s. net 

[HIS COMPLETELY NEW book is much larger than the 
author’s previous ‘Introduction to X-ray Metallography,’ 
and this fact reflects the growth of the subject over 15 
years. The aims are similar—it is intended to be a book 
that can be studied without prior knowledge, to be used 
as a reference and guide to the literature and the author 
hopes it will be of service to students and research 
workers in universities or in industry 

The book deals first with the scope of the subject as 

conceived by the author and then goes on to cover the 
production of X-rays. It is possible that a chapter (7) on 
Crystallographic X-ray Tubes should have followed 
here. The third chapter (50 pages), however, deals with 
radiography, microradiography and X-ray microscopy 
[he author possibly had a problem here. Should this 
chapter have been included here or at the end of the 
book? It is complete enough to be instructive but does 
not give quite the same service to the laboratory as many 
f the later chapters dedicated to crystallography and 
related subjects. These provide the main justification for 
the title Ihe principles of symmetry, diffraction, and 
X-ray intensities are dealt with interestingly and ade- 
juatcly Ihe metallurgical reader who is none too sure 
about the reasons for certain relationships will benefit 
from the derivations given here. The author also describes 
the experimental methods for obtaining diffraction pat- 
terns in this first part of the book. This material—itself 
the substance of a separate volume—completes the 
foundations of experimental work and theory leading to 
interpretation in terms of structure. The remaining two- 
thirds of the book take the reader through all the varied 
contributions of X-ray diffraction to the study of metals 
and other metallurgically interesting materials In 
addition practical information is provided about contin- 
gent subjects such as thermal equilibrium diagrams. It 
is just a reflection of the scope of the subject that orienta- 
tion textures take up a chapter of 90 pages and internal 
stresses another of 100 pages. Dislocations are involved 
in the former chapter and then appear from time to time 
in the interpretation of various metallurgical phenomena 
Che book concludes with two chapters—on chemical 
analysis by X-ray procedures and on the applications to 
refractories oxides and corrosion products. These could 
have been much longer! Finally, there are some very 
useful appendices and tables. 


The author has every reason to be satisfied that he has 
achieved his stated objectives Furthermore, like its 
fore-runner, only much more so, it will meet a con- 
tinuing need in giving metallurgists a practical view of 
the diverse contribution that X-rays can make to their 
subject. It will perhaps encourage more of them to use 
the powerful methods available. If any reader feels that 
something has been missed out or insufficiently covered 
and something else given too much prominence this will 
only be because the author had set himself an almost but 
not quite impossible task! There are many more than 
1,001 things in its 1,001 pages, more than that number of 
references and 419 excellent illustrations. The price, 
therefore, is commensurate with its size and will certainly 
not inhibit the purchase of the book for libraries or 
laboratories. Individuals will still find more here in one 
book than in two or three others (which may or may not 
exist) and will count themselves to have gained much 


K. W. ANDREWS 
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Cemented Carbides 
By P. Schwarzkopf and R. Kieffer in collaboration with 
W. Leszynski and F. Benesovsky Macmillan Co, 
New York, 1960. Pp. 349, illustrated. £5 5s. net 
IN view of the eminence of Schwarzkopf and Kieffer in 
the field of hard metals and cemented materials, it should 
be stated that this new book in no way duplicates an 
earlier English volume published by the authors in 1953. 
This earlier publication, ‘Refractory Hard Metals,’ 
deait with binder-free or uncemented borides, carbides, 
nitrides and silicides The present book, on the other 
hand, is primarily concerned with refractory carbides 
bonded together by comparatively soft and ductile 
metals Taken together, these books now represent 
a complete English version of the German-language 
volume ‘ Hartstoffe und Hartmetalle,’ published by the 
authors in 1953, though it is obvious that the present 
book contains a great deal of revision of the earlier 
German text to take into account the noteworthy progress 
in the technology of cemented carbides during the 
intervening seven years ; 
he authors have attempted to cover every aspect of 
the subject and have largely succeeded in producing 
a text which should become a standard reference source 
for many years. While the authors’ interest is primarily 
focused on carbides, and particularly tungsten carbide, 
as the cutting, wear-resisting or heat-resisting material, 
they have also included a chapter on oxide (ceramic) and 
boride cutting materials 

The book opens with a historical survey of the develop- 
ment of cemented carbides from the early years of the 
present century up to the present time. The technology 
of the cemented carbide industry is then discussed, albeit 
somewhat briefly, before a consideration of the general 
metallurgical principles of the sintering operation. The 
metallurgical reader might feel disappointed with the 
rather elementary treatment given to the mechanism of 
sintering but, as in all the chapters, a most comprehensive 
bibliography is provided for reference purposes. The 
reactions during liquid phase sintering (Chapter V 
receive better treatment, although an inquiring reader 
will again need to refer to the references—in this instance 
74 references for 24 pages of text—for a full appreciation 
of the ternary system W—Co—C 

The middle third of the book contains a succession of 
chapters dealing with testing methods, and the mechanical, 
physical and chemical properties of various carbide 
compositions. 

The final two chapters divide the applications of the 
various carbide compositions under either wear-resistant 
materials or metal cutting tools. The special interests of 
the engineer concerned with machining metals with 
cemented carbide tools are also catered for here. 

rhe value of this book undoubtedly lies in the wide 
coverage given to the subject. There appears to be 
something for everyone while the comprehensive, if not 
distressing, list of over 1,000 references should provide 
material for the most inquisitive reader. The contents 
could have been improved, however, by enlarging the 
chapters on ‘ Technology of Cemented Carbides* and 
‘ The Mechanism of Sintering ’ and it is considered that 
this could have been achieved at no increase in publication 
costs by radically pruning the contents of the final two 
chapters devoted to the uses of cemented carbides in 
industry. The apparently never ending parade of 
photographs depicting dies, rotary drilling tools, percus- 
sion drills, etc., contributes nothing to a scientific textbook 


H. L. 
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Nitrogen shrinking 

EIGHT STEEL TRUNNION PINS, each over 2 ft. across, were 
nitrogen shrunk to fit four 100-ton ladles recently at the 
Teesdale Ironworks of Head Wrightson & Co. Ltd. To 
fit the ladle bores, the diameters of the pins were shrunk 
by an average of 0-04 in. 

A light, insulated tank 2 ft. deep was made to hold the 
liquid nitrogen supplied by British Oxygen. The tank 
could be moved on rails above the ladles which were set 
up on bogies. By means of a 2-ton electric hoist each 
pin was lined up with the ladle bore and then raised while 
the liquid nitrogen tank was positioned underneath. 
The pin was lowered into the tank and immersed in 
liquid nitrogen pumped direct from a B.O.C. road 


tanker. On average each pin was immersed for about 
52 min. A total of 1,232 gallons of liquid nitrogen was 
used. 


Nitrogen shrinking was the most economical and only 
practical way of fitting the trunnions. Heating the ladle 
bore would have been much more difficult and costly and 
taken a great deal longer. In addition, the metal might 
have been distorted and weakened. 

Following two successful test shrinkings, supervised by 
technicians from British Oxygen, the Wolverhampton 
firm of Bayliss, Jones & Bayliss Ltd. plans to make 
increasing use of the technique in assembling components 
for heavy machine tools 

One of the test-pieces was a gear-wheel pinion for a 
300-ton billet shear. The pinion’s spigot, with a dia- 
meter of 7-999 in., was contracted to fit the wheel bore 
of 7-993 in. The shrinking operation took only 30 min 
and used 56 gallons of liquid nitrogen (equivalent to 
8,000 cu. ft. of gas). The nitrogen was supplied direct 
from a B.O.C. road tanker 


Normally the gear-wheel would be heated in a coke 
fire for 7-8 hours to expand the bore sufficiently for the 
spigot to be inserted. This method sometimes results 
in distortion, scaling and softening of the tempered steel 
gear. All these risks are virtually eliminated by the 
nitrogen shrinking technique, which is 50°, cheaper 


Low-cost furnace atmospheres from blast- 
furnace gas 


At the recent Sheffield Industrial Exhibition the Gas 
Atmospheres Division of the Incandescent Heat Co. Ltd. 
announced a new process for the low-cost production of 
nitrogen/hydrogen mixtures from blast-furnace gas. 
Hy-Nitrogen (sometimes termed HNXx), consisting of 
nitrogen with 1-7°,, hydrogen, is finding increasing use 
in the heat treatment of steel strip and sheet. The gas 
provides an inert atmosphere for bright annealing, and 
does not form soot during cooling, since it contains 
no CO. Hydrogen is present in sufficient quantities to 
combine with any oxygen leaking into the furnace and 
also to prevent water vapour from causing blucing. 


Non-destructive testing 

The Non-Destructive Testing Society of Great Britain is 
holding a conference at Chester from September 21 to 23. 
The theme of the conference is ‘ Industrial radiology 
today,’ and it is intended to base the papers and dis- 
cussion on the application of newly developed aspects of 
industrial radiology. The papers will include such sub- 
jects as low kV. radiography, xeroradiography, linear 
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accelerators, betatrons, large gamma ray sources for 
radiography, and current safety regulations 

The conference is open to all who are interested, 
whether they are members of the Society or not. A 
conference fee will be charged, which will include the 
cost of morning and afternoon refreshments This will 
be 15s. for members and 30s. for non-members 


Effluent and water treatment 

The second Effluent and Water 

and Convention at the Seymour 
October 31 until November 3, will be nearly twice the 
size of the one held in 1960 There will be a number of 
developments and innovations on show at the Exhibition 
and at the Convention papers will be presented covering 
the subject internationally 


Treatment Exhibition 
Hall, London, from 


Increasingly severe restrictions are being imposed by 
River Authorities on the type of effluent discharged 
The growing volume of water required for industry cannot 
always be provided economically from available sources 
and recovery of used water is of prime importance 

Registration is £4 per delegate and forms are obtainable 


from the organizers: Thunderbird Enterprises Ltd., 
140 Cromwell Road, London, S.W.7 
Gear-wheel pinion for a 300-ton billet shear being lowered 


into postition after shrinking 
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THE INSTITUTION of Production Engineers announces 
that Mr. Harold Burke, M.1.MECH.E., M.1.PROD.E., has 
been elected to the presidency for 1961-62 

Mr. Burke, who became a member over 30 years ago, 
has worked wholeheartedly for the Institution ever since. 
A Birmingham man, Mr. Burke is a prominent and 
popular figure in the Midlands, where he enjoys a well- 
deserved reputation for the successful exercise of indus- 
trial administration at all levels 

Educated at Birmingham College of Technology, 
Mr. Burke studied economics, industrial organization 
and industrial law at the University of Birmingham. He 
served his apprenticeship with Vickers Ltd. and, after 
holding appointments in several engineering firms, in 
1947 he joined Elfson Ltd. as managing director. When 
the Engineering Division of this company was purchased 
by Concentric Manufacturing Co. Ltd., he accepted the 
appointment of director and general manager. He is 
now deputy chairman and joint managing director of 
Concentric Ltd., chairman and managing director of 


Concentric (Engineering) Ltd., chairman of Fletcher 
Bros. (Pressings) Ltd., and a director of Concentric’s 
other subsidiary companies 


Mr. Thomas Murray has been appointed industrial 
safety officer for the Bradley & Foster group of seven 
companies in Staveley Industries Ltd. He 1s based at 
the head office of the group at Darlaston, Staffordshire 


Mr. R. G. Huxtable, M.B.£., is the new secretary 
of the Gas Council. He succeeds Mr. Wilfrid Bailey, 
who becomes deputy chairman of the Southern Gas 
Board 

Mr. Huxtable has been secretary of the South Eastern 
Gas Board since 1956, and was previously the board’s 
solicitor 


Hilger & Watts Ltd. announces that Mr. A. H. Camp- 
bell, M.A., M.1.£.E., who has been a director of the company 
since 1951 and general manager since 1954, has been 
appointed joint managing director with Mr. G. A. 
Whipple, M.A., M.1.E.E., F.INST.P 

Mr. Campbell was a scholar at Winchester College 
and Rex Moir Prizeman at Cambridge University. After 
practical experience in the industry with the Cambridge 
Instrument Co., he saw service in the last war with the 
Royal Corps of Signals, finally as lieutenant-colonel 
commanding 8 Corps Signals. 

For several years Mr. Campbell was chairman of the 
North London District Advisory Committee for Industry, 
and since 1960 he has been chairman of Council, Manage- 
ment Research Groups. 


The Lead Development Association announces that 
Mr. P. C. Fryer, B.A. CANTAB., has been appointed to 
the staff. Mr. Fryer is a metallurgist and prior to 
joining the LDA was on the staff of the Morgan Crucible 
Company. He will be principally engaged in develop- 
ment work for the lead industry in the battery field. 


The United Steel Companies Ltd. announces that 
Mr. Stafford Beer, who has been head of the company’s 
department of operational research and cybernetics since 
its inception in 1957, has resigned to become managing 
director of a new international firm of operational research 
consultants based in London. Mr. David Owen, 
previously assistant head of the department, succeeds 
Mr. Beer. 
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Mr. R. M. Higginbottom, B.sc., has joined Graphoidal 
Developments Ltd. as a physical chemist. Previously 
he was employed as research assistant with the Per- 
manent Magnet Association, Central Research Labora- 
tory. 


Mr. David Parkinson has joined the Public Relations 
Division of the Basil Butler Co. Ltd., advertising agency, 
from the public relations department of Handley Page 
Ltd 

Educated at Harrow Grammar School and the North- 
ampton College of Advanced Technology, Mr. Parkinson 
is a qualified aeronautical engineer and metallurgist 


Following the appointment of Mr. H. B. Morris to the 
board of directors, Wickman Ltd. announces the appoint- 
ment of Mr. H. Andrews as secretary and Mr. H. L. 
Hudson as chief accountant. 


Mr. A. W. Jones, recently installed as president of the 
Scientific Instrument Manufacturers’ Association of 
Great Britain Ltd., 20 Queen Anne Street, London, 
W.1, was born in 1914 and educated at University 
College School, Hampstead, London, at a day engineer- 
ing course at the Northampton Engineering College, 
London, and a one-year student course at Standard 
Telephones & Cables Ltd 

In 1933 he joined Orr Radio, later Invicta Radio, as 
an inspector, becoming ultimately technical manager 
On the company’s absorption by the Pye Group he 
joined Pye Ltd. in 1938, working on research and develop- 


ment in radar during the war. In 1945 he founded 
Fleming Radio (Developments) Ltd., on a capital of 
£300 with accommodation in Clerkenwell. In 1953 he 
moved to Stevenage and the company now covers 


38,000 sq. ft., employing 200 people, with a turnover of 
£350,000 per annum. In 1961 it will expand by another 
20,000 sq. ft 

Mr. A. W. Jones was vice-president of sima for 1960-61 
and has been a very active council member for the past 
four years 


OBITUARY 


Wit deep regret the International Nickel Company 
Mond) Ltd. announces the death of Mr. George Sand- 
land who, at the height of his career, died suddenly when 
returning from a company sports outing at Birmingham 
last July 

Mr. Sandland, who will be remembered by many for 
his vigorous activities on his plating campaign, had been 
with the company for 35 years. Trained as an engineer- 
designer with Vickers-Armstrongs, he joined the late Sir 
William Griffiths and Miss E. W. Parker to form the 
triumvirate who transformed the Development and 
Research Department into a highly valued asset. 

Latterly he has been prominent in the Nickel-plating 
Labelling Scheme, which is now reaching a state of 
maturity 


The death took place last July at Caterham, Surrey, of 
Mr. Burkewood Welbourn at the age of 85. Mr. Wel- 
bourn was a former director and chief engineer of the 
British Insulated Company. He retired in 1945 on the 
formation of BICC through the amalgamation of the 
B.I. Company and Callender’s Cable and Construction 
Company. 
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INSTRUMENTATION 


Portable oxygen analyser 
Servomex Controls Ltd., who manufacture the Distillers 
Co.’s industrial oxygen analyser, have now developed 
a portable instrument utilizing the same magnetic suscep- 
tibility measuring cell (fig. 1 

[he type DCL 101 portable analyser is a battery- 
operated device which can be regarded as an alternative 
to the Orsat apparatus for determination of oxygen 
anywhere in the range 0-100°, to an accuracy of +0-1 
Operation is simple and, as the device is linear, calibration 
at two points is sufficient to standardize over the whole 
scale. The zero is highly stable and a check of the span 
using air as a test gas is sufficient for most normal uses 

The analyser may be used with static samples or with 
a continuously flowing sample at rates up to 150 ml./min 
The sample must be filtered and cooled sufficiently to 
remove condensate, but there are otherwise few restric- 
tions. The measuring cell is particularly tolerant of 
variation of sample components other than oxygen and 


1 Portable 


oxygen 





analyser 


thermal conductivity or 


affected by 


it 18 not in any 
Variations 

Experience with the industrial analyser has shown that 
the DCL measuring cell is very robust. It contains a 
very light dumb-bell-shaped test body suspended by a 
platinum ribbon in a non-uniform magnetic field. The 
torque on the test body produced by the presence of 
oxygen in the measuring cell is balanced by passing 
current through a coil wound on the dumb-bell. The 
balance condition is observed by means of a light spot 
reflected on to a scale and is obtained by adjusting 
a calibrated-source potentiometer. The read-out is taken 
direct from a linearly calibrated ten-turn dial. 

Further details may be obtained from Servomex 
Controls Ltd., Chemical Instrument Division, Crow- 
borough, Sussex 


way 
density 


Versatile oscilloscope cameras 
Aveley Electric Ltd. announce the introduction of two 
versatile cameras manufactured by Allen B. Du Mont 
Laboratories (fig. 2 

The type 299, with a variety of backs available for use 
with 120 roll or cut film, is for general-purpose recording 
from 5-in. oscilloscopes It offers great versatility in 
obtaining single-frame recordings 

Type 302 incorporates polarid-land back for obtaining 
terminated ‘ print-a-minute’ records on transparent or 
opaque film. This polaroid back can also be used on 
the type 299 camera 

The cameras incorporate a specially designed sliding 
back on the housing which permits the operator to 
adjust the cameras in relation to the lens and expose 


more than one trace on the frame. Detent stops 
position the camera backs for equally-spaced exposures, 





2 Du Mont oscilloscope camera 


whilst the scale and pointer arrangement assists in 


positioning the back accurately for more than three 
exposures per frame. Simultaneous screwing facilities 
for data recording are also provided 

Che choice of lens available is the Woollensac Du Mont 
/5-mm. F2-8 three-element lens, or a 75-mm. F1-9 
ix-element lens. Two bezel adaptors enable these 
cameras to be used with almost all 5-in. tube oscilloscopes 


New electric measuring and control system 
Marketing of a new electric measuring and control system 


3 A controller 
instrument 
with * propor- 
tional plus 
reset plus rate 
action’ mode, 
part of the 
ElectriK 
Tel-O-Set 
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@ 1S 8 re A PICKLE 


CORROSION-RESISTING ALLOY, 


Two continuous pickling lines for de-scaling hot-rolled 
steel strip are now in operation at the Port Kembla 
works of John Lysaght (Australia) Pty. Ltd. Steel strip 
ig passed at high spee/) through pickling tanks con 
taining varying concentrations of sulphuric acid. At 
full speed the acid is given only 40 seconds to remove 
the scale. To lift the steel strip clear of the acid if at any 
time the plant has to be stopped, specia) lifting arms 
are provided. These are made of 3-inch diameter MoNngEL* 
nickel-copper alloy bar. Despite continual immersion 
in pickling acid these corrosion-resistant bars have 
given excellent service. Monel is also used for the cold 
water spray piping and spray nozzles which wash the 
de-scaled strip as it emerges from the pickling tanks 
Have you a corrosion problem? 

You are invited to send for the handbook illustrated. 


* TRADE MARK 
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Send tor this publication 


To Henry Wiggin and Company Limited, 
Wiggin Street, Birmingham, lf 


Please send me a free copy of 
CORROSION-RESISTING CHARACTERISTI 


1” WIGGIN HIGH-NICKEL ALLOYS . (No. 1508 
AME 
A NTM R PAR 

MPANY A ADDRES 


HENRY WIGGIN @2 CO LTDOD’WIGGIN STREET’ SIRMINGHAM™ 16: 


rGa Chea 
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Honeywell Controls Ltd. 
instrumentation, the 


transmission is announced by 

Described as fully integrated 
equipment is of original design 
embodying modular principles It is known as the 
ElectriK Tel-O-Set system and is the first two-wire 
transmission instrumentation to emerge (fig. 3 

Direct current transmission of the signal at 4-20 mA 
is used along a pair of wires that also carry the 42-V. d.c 
power supply. There are no field power connections 
and shielding of the transmission wires is not required 

Suitable for any of the usual industrial process control 
duties, the ElectriK Tel-O-Set system provides many 
modes of control including ‘ proportional plus reset plus 
rate action.’ 

The basic system comprises a transmitter, a 5} by 
6 in. receiver-controller and a valve operator. The 
variety of standard alternative units is considerable and 
includes circular scale as well as strip chart controllers, 
simple millivolt - to - current transmitters 
process - pressure - to - current transmitters, differential 
pressure-to-current transmitters, transducers for standard 
pneumatic-to-electric signals and vice versa; additionally, 
the control unit with the Tel-O-Set recorder may be 


recorders, 





arranged for front-of-panel or back-of-panel adjustment 
All th units are fully transistorized 

All field units operate on the force-balance principle 
and operate in ambient temperatures of —40° to 150 F 
Che recorder instruments have a six-month ink supply, 
daily chart tear-off and 30-day rewind. Process and 
external electrical connection to field-mounted trans- 


mitters are isolated from inside the case for convenience 


in maintenance 


Pulsimitor senses random objects 


Whilst there are a number of electronic units on the 
market that can be made to register the presence of a wide 

ariety of articles and to thereby trigger off a sequence of 
action, there still remains a number of problems with 
which they cannot be expected to cope. Electronic 
Machine Co. Ltd., with the idea of filling this gap, have 
just introduced their Pulsimitor, a piece of electronic 
equipment which, in simple terms, is a capacity-operated 
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switch that will give a pulse output against a very small 
change in input capacity and, due to the nature of the 
circuitry, long-term and reliable operation can be obtained 
for changes of the order of 0-07 pf. Speed of operation 
is up to 12,000/min. and down to 5 min 

Ihe instrument will count or sense random-shaped 
containers and objects made from such widely different 
materials as plastics, metal, glass and alloys and it will 
count every object, even though they be touching or 

aced, near or far to the probe, or of uneven contour so 
long as a small change of contour is presented to the probe. 

Further particulars and prices may be obtained from 
Zlectronic Machine Co. Ltd., Mayday Road, Thornton 
Heath, Surrey (England hornton Heath 3601 





= 


Classified Advertisements 


FIFTEEN WORDS 7: 
thereafter 


6d. (minimum charge) and 4d. per word 
Box number 2s. 6d. including postage of replies. Situations 
Wanted 2d. per word 


Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adam 
House, John Adam Street, London, W.C.2. 


MACHINERY FOR SALE 


COVENTRY CLIMAX AND CONVEYANCER FORKLIFT TRUCKS!!! 
A choice selection of electric, petrol and diesel models. 
From 1,500 Ib. to 5,000 Ib. capacity; 9 ft. to 12 ft. lifts 
Full details, photograph and prices from Speed Electrics, 
Dept. MTDF, Church Street, Basford, Nottingham. 
Tel. 75716 


T'wo— HEENAN & FrouDE Type P.66 OIL-COOLER UNITS, 
complete in all details; condition unused. Two— 
Vickers-Detroit Hydraulic Pumps, Type V.105.C.— 
Whitefield Machinery & Plant Ltd., 48 Chatham Street, 
Edgeley, Stockport 


a ee ee 


BILLETS 


FOR 


ROLLING @¢ FORGING 


SPARTAN STEEL & ALLOYS LTD 





534 ATTERCLIFFE ROAD, SHEFFIELD 9 - TEL. SHEFFIELD 49551 
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LB. 167 _ 
MAGNETIC FLAW DETECTOR 4 Ries atic 


indexing, magnetisation, and inking! 


Send for full details to 


— 7 FEL-ELECTRIC 
LIMITED 


Sidney Street, Sheffield 1 
Phone: 27357 











FLAME 
HARDENING 


CASE HARDENING 
CYANIDE HARDENING 


HARDENING OF PRESS TOOLS 
AND DIES ETC. 


PLASTIC AND RUBBER MOULDS 


HEAT TREATMENT OF FORGINGS |||| 
AND MACHINE PARTS 


ANNEALING 


NORMALISING 
STRESS RELIEVING h 
HEAT TREATMENT SPECIALISTS 








ENGINEERING 
HEAT-TREATMENTS 


ag ag? sO _." 
ANNEALERS LTD 
» PENISTONE RD SHEFFIELD 6. 


(Manchester) LTD. 


TELEPHONE: TRAFFORD PARK 3114 


CORNBROOK PARK RD.,OLD TRAFFORD, MANCHESTER 15 
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tool life trebled! 


COLLOIDAL GRAPHITE 
GRAD, by constant research and 
exhaustive laboratory and field tests, 
oO = are meeting the exacting demands 
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of British industry by supplying 

colloidal graphite dispersions that 
in many instances can double overall production. 
Another significant aspect of the enterprising services that 
GRAD provide for their customers, is delivery in half the 
normal time. If yours is a lubrication problem consult 
GRAD. They know what you may want to know about 
lubrication. 


cleaner to use! 


GRAPHOIDAL DEVELOPMENTS LTD 


CONSULTING LUBRICATION ENGINEERS 
WREAKES LANE, DRONFIELD, NEAR SHEFFIELD 





ABBEY HE AT Cut your finishing costs on 


DIE SINKING & FETTLING 


| TREATMENTS LTD. By using the British made 
| 








| BRIGGS - AJAX 
|| Plaza Works, High St., Merton,S.W.19 | Range of 
“ AIR GRINDERS 
Specialized Heat Treatment which have achieved an enviable reputation for 


s nF 2 © reliability since their introduction 21 yrs. ago. 
in our NEW Capacity Furnace 


with non-oxidizing atmosphere AJAX JUNIOR, 100,000 r.p.m. for Stones 
aa #," to 3” dia. 
e AJAX MK. Ill, 50,000 r.p.m. for Stones 
nian a }" to 3” dia. 
“ ahd 4 4 GN | 
SPECIALLY DESIGNED for the heat BRIGGS MK. II, 28,000 r.p.m. for Stones 
treatment of high temperature alloy 4” to |” dia. (deep reach) 
materials up to 1,300°C. BRIGGS MK. V, 1!0,000 r.p.m. for Stones 
13” to 2° dia. 
© Utereture on request from Manufecturers 
Enquiries will be dealt with personaily by our 
Technical Staff - Ring CHERRYWOOD 2291/2 BRIGGS BROS. (ENGINEERS) LTD. 


206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 


Ai.D. DAARM. LEME & ARB. Approved 
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WINVORIEX. 


TRIAL BURNER DESIGN 







Dust & Grit 
ollectors 








ANEW APPROACH 10 INDUS 


WP ror EVEN 
FURNACE 
ATMOSPHERE 


Reduces scaling 
caused by INCORRECT furnace atmosphere 


VVith most burners or travels we 
he furnace betore combi 

can take place Air (counterblast) 

rected from the opposite side only 
results in ar tense highly oxidizing 
ba >f flame rf the entre a i two 
relatively cold areas at each side 
The result is poor metal treatment 





Representing an entirely new approach to oi! burner design 
this new Premier TWIN VORTEX improves the efficiency 
of the furnace and of metal treatment process considerably, 
whilst effecting a simultaneous saving in oil consumption 
| TWIN VORTEX offers other advantages including 


% Constant air/oil ratio > Burner can be mounted at any 
angie 

| ¥% Automation self-proportioning % Can be used on any grade of 
| through a 5:! range orl 

| ¥%& Constant supply of atomizing *% Suitable for a types of 
| air furnaces 

| ¥* independent contro! of con % Suitable for steam boiling 
| bustion air working on semi-automat 


*% Smoke virtually eliminated 


TWIN VORTEX 
OIL BURNER 


With the TWIN VORTEX (British 
Patent No. 800/19! 823560) the 
provision of a separate oi! ator 
zing chamber (A) and twin vortex 








This photograph shows an Alldays & Onions UF/I 
Dust Collector, primarily for use with hearths and 
designed to meet the requirements of the Clean Air Act 


cups means instant atom:zatior 
immediate combustior greater 
heating uniformity and furnace 
efficiency, quite apart from ' 








Pee ~ | bis pressive fuel saving Literature 
| on request 
| WRITE FOR LEAFLET Automatic Temperature Contr 
ASK FOR DEMONSTRATION can easily be arranged for all types 


of Furnaces 


& ONIONS 


LTO. 


GREAT WESTERN WORKS BIRMINGHAM i1 | O I L B U R N E R i 


Phone: ViCtoria 22514 


ALLDAYS 


— 











London Office: 2 Queen Ann’s Gate. Westminster, London. $.W.1 PREMIER OIL BURNERS ° Eastbourne Street Walsall Staffs 
Phone: Whitehall 1923/4/5 Telephone: Walsall 22430 23055 
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Use 
7 MELLOPAD v 
Anti-vibration (M4) 


material... 








--«for incorporation in the concrete found- 
ations of power hammers, drop stamps, 
foundry jolters to reduce transmission of 
vibration. 


Also for the isolation of precision machines 
from external disturbances. 


The picture shows Mellopad laid in a pit 
preparatory to casting the concrete block 
for a precision grinder, capacity 24 ft. x 
18” dia. 

Write to us for particulars and 


PER. | recommendations. 














Pho tograph by courtesy of Messrs 
Marfleet &@ Weight ate 


weitere 200% | WELL OWES & GO. LIMITED. SHEFFIELD. 3. 
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ARB DGI APPROVED 


THOMAS ANDREWS ELECTRO HEAT 


AND COR PANY LIiMRited 


High-Grade Steel Makers TREATMENTS LTD. 








NE EAE SA BULL LANE WEST BROMWICH 
Telephone WES 0584—0756 
uw ON eH” ( HIGH SPEED STEELS 
HOT & COLD DIE STEELS 
AR V TOOL HOLDER BITS BRIGHT ANNEALING 
Copper and steel pressings, bolts, strip, 
w" IT ” { CARBON & ALLOY TOOL etc. 
HARD E ) STEELS forALL PURPOSES BRIGHT HARDENING 
Bolts, springs, etc. Also large compo- 
“ y ” ( CARBON TOOL STEEL for nents up to 3 ft. 
HEL E ) CHISELS, PUNCHES, &c. CASE HARDENING 


Carbonitriding and Gas Carburizing up to 
05 pee 4ft.6in. High frequency up to 1OkKVA. 
ROYOS WORKS AND 











HARDENITE STEEL WORKS LIGHT ALLOYS 
ATTERCLIFFE ROAD, SHEFFIELD, 4 Solution and precipitation up to 10 ft. 
Export Department We specialize in the use of controlled 
THE HARDENITE STEEL COMPANY LIMITED atmospheres for all heat caiaae. 
Terephene Telegrams: . m 
Sheffield 2213! Shahing, Sheffield, 4 100 ton weekly capacity - Laboratory 














supervision - Local deliveries 
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SLOT FORGE FURNACES 


Two of a battery of gas fired slot 





forge furnaces having openings 15 
wide x 3” high. An air curtain from 
a drilled manifold below the sill 
and the suspended shield protect 
the operator from radiated heat 
Although primarily designed for 
forging, many other heating 
operations can be performed such 
as, for forming, for bending and 
similar work. 





DOWSON & MASON LTD b> 


ALMA WORKS LEVENSHULME MANCHESTER 


- MEATON MOOR 625! (5 lines Tetegrom: Gasity, Manchester 19 








STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 
CYANIDING POTS 


CASE HARDENING BOXES 
CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM erc 


HIGH SPEED TOOL, DIE 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 





HIGHLY ALLOYED STEEL 
CASTINGS 


*JOFO" castings are available in 
a wide range of qualities 


From a few ozs up to 25 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray contro! 


He leboson Tete Sed 


Regd. Office 
BROADFIELD RD., SHEFFIELD 6 
Telephones: 52431 4 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry : Aizieweod Road, Sheffield 
Machine Shops: Breedfield Read, Sheffield 
Londen Office: Central House, 
Upper Woburn Place, W.C.!. 
(EUSton 4086) 

Glasgew Office : 93 Hope Street, C.2. 
(Central 8342/5) 


H. JOHNSON F LTD. STEELMAKERS & FOUNDERS 
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you don’t need a piggy-bank to save! 


you need a FRANKLIN-DINE OII 
Whatever 
there is a FRANKLIN-DINE 





oil fuel 


th 


e consumption 


OlL 


1961 


BURNER to achieve immediate economy in 
from ith to 150 gallon per hour 


BURNER to give 


increased oi] economy at lower maintenance cost.’ 


Write to-day for full particulars 





for all furnaces 























M acture ‘ 
TRIA F BNACE AND IL ‘ . PMENT 
FOR A PURPOSES 
FRANKLIN FURNACE CO.LTD 
BAKER TREET SPARK} BIRMINGHAM 
: ‘ 7 
Abbey Heat Treatments Ltd 34 Ether Led 4&5 Morganite Crucible Ltd 
A.C.E. Eumuco (England 3 Morgan Refractories Ltd 
AE Birlec Led Morris, B. O., Led 29 
Alidays & Onions Led 35 Fel-Electric Ltd 33 
Andrews, Thos., & C ite 36 Firth, Thos., & John Brown Ltd 6 National Machinery Co. (The) iD 
vs Led 3 0 
Annealers Ltd 33 Firth-Derihon Stampings Ltd Newall. A. P.. & Co. Led 
Flame Hardeners Ltd 
Birlec-Efco (Melting) Led 2 Franklin Furnace C 38 
- A, = . . Premier Oi! Burners Ltd 35 
Brayshaw Furnaces Ltd 10 Princes Feradens kad 
Briggs Bros. (Engineers) Ltd 34 Garringtons Ltd . 
British Furnaces Led 18 Gas Council 
British Iron and Steel Federatior General Electric ¢ t Shell-Mex & B.P. Gases Led 19 
British Resistor Co. Led., The General Refractories Siemens-Schuckert (G.B.) Led 
Broadbent, Thos., & Sons Ltd Gibbons Brothers Ltd Smethwick Drop Forgings Ltd 
Burbidge, H., & Son Ltd Gibbons (Dudley) Led 23 Somers, Walter, Ltd 40 
Granby, Paul, & Ce 13 Spartan Stee! & Alloys Led 32 
Graphite Produc 4 20 Stee! Co. of Shropshire Ltd 
Calorising Corporatio of Great Graphoida!l Deve ments 4 34 Stein, John G., & Co. Led 
Britain Led. (The) G.W.B. Furnaces 4 16 Stordy Engineering Ltd 
Carborundum Co. Ltd 17 
Coventry Machine Too! Works Led 8 Hedin Led Thermic Equipment & Engineering 
Cronite Foundry Co. Ltd. (The) Herbert. A.. Ltd Co. Ltd 12 
Thompson, John, (Dudley) Led 
- L.C.1, Led Thompson, Joseph, (Sheffield) Ltd 
Doncast Daniel, & Sons Ltd c 4 . 
Dowding & Doll Led <3 14 Incandescent Heat ¢ The) Thompson L'Hospied & Co. Ltd 
Dowson & Mason Ltd 37 F r. H.. Led 7 
sannaon Foster, M., Led 3 United Steel Companies Ltd 
‘ Lafarge Aluminous Cem Co. Led 
Efco Furnaces Ltd Lafarge J 
r For oe har d 
Electrical Developments Assn Langiey ro ge 2 : Vaughan, Edgar, & Co. Le 
x - rthrus 
Electrofio Meters Co. Ltd Leeds & Northrup . 
Electro Heat Treatments Ltd 36 West, E. & A., Ltd 2 
Engethard Industries Ltd Massey, B. & S., Ltd 2 West Instrument Ltd 
Engineering Heat-Treatments (Man Mellowes & Co. Ltd 36 Wickman Led 
hester) Led 33 Metalectric Furnaces Ltd 15 Wiggin, Henry, & Co. Ltd 3! 
English Electric Co. Ltd Mining & Compress Engineering Wiltd-Barfield Electric Furnaces Ltd 28 
English Steel Corporation Ltd Co. Ltd 39 Wilkins & Mitchell Led 24 & 25 
E.N.V. Engineering Co. Ltd Mond Nickel Co. Led Workington tron & Steel Ce 
Published by the Proprietors, INDUSTRIAL NEWSPAPERS (FUEL AND METAL GICAL), Limrrep, John Adam House, 17/19 John Adam 
Street, Adelphi, London, W.C.2, and Printed in Great Britain by F. J. Parsons, Ltp., London and Hastings Registered for 


transmission by 


Canadian Magazine Post. 
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Rotary Compressors 






and Vacuum Pumps 
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Two stage Rotary Compressor Type RVC 510, Photograph by kind permission of 
delivery 2540 CFM of free air at a discharge leddington Aircraft Controls Ltd.. 
pressure of 100 PSIG. Merthyr Tydfil, Glamorgan. 


Delivery volumes range from 150 CFM to 3500 CFM at discharge pressures 
up to 114 PSIG or VACUA up to 99.9°., for air and gas. 


Over 50 years of experience, research and development have culminated 
in optimum performance, low maintenance cost and the highest possible 
degree of reliability. 


For details please contact 





service installation spares 
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General Purpose 
Die & Mould Steel 








Chromium/ Vanadium Chromium/Molybdenum / Nickel /Chromium 
Tungsten/Molybdenum Vanadium Molybdenum 
Hot Working & Forging Aluminium Extrusion & Backing Die & Hot 

Die Steel Pressure Die Casting Stee! Working Steel 


/ Walter Somers Limited 


HAYWOOD FORGE HALES OWEN NR. BIRMINGHAM § Telephone: Hales Owen 1185 








